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ABSTRACT 


The  integration  of  biology  with  Microeleetromeehanieal  Systems  and 
Nanoteehnology  could  result  in  a  synergism  with  tremendous  benefits  in  both 
basic  research  and  clinical  assays.  The  development  of  a  functionalized  liquid 
core  waveguide  to  detect  a  biological  function  or  substance  via  fluorescence  could 
have  broad  range  applications.  One  such  target  of  interest  for  developing  such  a 
system,  is  the  ribonucleoprotein  enzyme  telomerase.  It  is  a  confirmed  biomarker 
for  cancer;  having  been  associated  with  over  90%  of  cancers  examined. 
Development  of  a  MEMS-based  detection  system  would  allow  for  accurate 
detection  of  small  numbers  of  target  molecules  in  the  sample  volumes.  In  order  to 
accomplish  this  I  first  developed  a  bench-top  assay  to  identify  key  components  of 
the  reaction  and  optimize  the  detection  scheme  before  incorporation  into  a  MEMS 
device.  This  assay  itself  will  have  utility  in  basic  research  labs  for  telomerase 
detection. 

My  ongoing  efforts  to  synthesize  such  a  system  has  resulted  in  the 
modification  of  the  inside  surface  of  the  capillary  using  rapid,  straightforward 
chemistry  in  order  to  indirectly  attach  a  molecular  beacon.  The  molecular  beacon, 
the  key  component  of  the  functionalized  capillary,  is  a  strand  of  DNA  that  is 
folded  into  a  specific  structure  corresponding  to  the  capture  sequence  that  also 


contains  a  fluorophore  and  a  quencher  moiety.  When  the  fluorophore  and 
quencher  moleeules  are  in  elose  proximity,  fluoreseence  resonanee  energy  transfer 
(FRET)  takes  place;  effectively  quenching  the  fluorescence  emission.  However, 
binding  of  the  target  DNA,  RNA,  or  protein  to  the  molecular  beacon  target  capture 
sequenee  eauses  a  eonformational  ehange  that  separates  the  fluorophore  and  the 
quencher  at  which  point  fluorescent  signal  ean  be  deteeted.  The  ineorporation  of 
this  funetionalized  liquid  core  waveguide  with  a  PDMS  chip  will  facilitate  fluid 
control  and  optic  fiber  eouplings  for  fiuoreseenee  detection. 

In  addition,  the  development  of  a  beneh-top  assay  will  have  great  utility  in 
basic  research  in  addressing  critical  biological  questions  about  telomerase.  Sueh 
questions  inelude:  does  telomerase  remain  bound  to  the  telomerie  DNA,  or  does  it 
hop  between  the  ends;  what  are  the  regulatory  meehanisms  that  prevent  binding  of 
telomerase  to  an  exposed  strand  of  telomerie  DNA;  are  there  other  assoeiated 
proteins  not  yet  identified.  Furthermore,  the  sueeessful  protein  capture  using  a 
moleeular  beaeon  demonstrates  the  utility  of  this  methodology  for  other  DNA- 
binding  proteins. 
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CHAPTER  I 


INTRODUCTION 


1  ■  1  Cancer  Statistics 

Cancer  is  a  devastating  and  debilitating  disease  that  is  beeoming  more 
prevalent  in  the  United  States  and  worldwide.  The  Ameriean  Caneer  Soeiety 
estimates  that  there  will  be  1,368,030  new  eaneer  eases  and  563,700  deaths  from 
eaneer  this  year  in  the  United  States  (1).  These  estimates  do  not  inelude 
eareinoma  in  situ  of  any  site  exeept  urinary  bladder,  and  they  do  not  inelude  basal 
and  squamous  eell  skin  eaneers  (1).  In  2004,  it  is  estimated  that  Texas  will  have 
84,530  new  eases  of  eaneer  and  34,830  deaths  due  to  eaneer  (1).  The  5-year 
survival  rate  for  all  eaneers  eombined  is  63%,  with  dramatie  variations  within 
individual  eaneer  types  (1).  The  National  Institutes  of  Health  estimates  the 
nationwide  eost  for  eaneer  in  2004  will  be  $189.5  billion  in  direet  eost,  $64.2 
billion  for  direet  medieal  cost,  $16.3  billion  for  indirect  morbidity  costs,  and  $109 
billion  for  indirect  mortality  costs  (1).  Although  recent  advanees  have  helped 
diagnosis  and  improved  prognosis,  there  is  still  an  urgent  need  for  more  aeeurate, 
quantitative  assays  for  eaneer  deteetion.  In  addition,  there  is  a  major  ineentive  to 
promote  adoption  of  novel  assays  by  elinieians.  These  assays  need  to  be 
convenient  with  as  little  sample  manipulation  as  possible  as  well  as  cost  effective. 
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1.2  Telomerase  Function 


In  the  mid  1990’s  the  ribonueleie  protein  telomerase  was  shown  to  be  present 
in  more  than  90%  of  all  cancers  (10).  In  addition,  it  was  found  to  be  present  only 
in  certain  stem  cell  populations,  germ  cells,  and  not  detectable  in  normal  somatic 
cells  (10).  This  marked  telomerase  as  a  potentially  very  important  biomarker  for 
cancer  (5,7,19,20,41).  Telomerase  activity  confers  immortality  to  cells.  It  is 
considered  the  key  component  that  allows  immortal  cells  to  transform,  and 
ultimately  become  cancerous  (20,24,42,57),  not  by  causing  mutations,  but  by 
allowing  cells  to  be  viable  long  enough  to  accumulate  key  mutations.  This  leads 
to  the  transformed  or  malignant,  phenotype.  Telomerase  accomplishes  this  by 
alleviating  the  “end-replication  problem”  (6,10,14,23,33,43). 

First  described  by  Hayflick  in  1965,  the  end-replication  problem  arises  from 
the  inability  of  DNA  polymerases  to  fully  replicate  the  chromosome  ends  (22,54). 
When  DNA  polymerases  replicate  the  template  DNA  strands  in  a  chromosome, 
each  new  “daughter”  strand  is  ~50-200  bases  shorter  at  the  5’  end  (36).  The 
chromosome  ends  or  “telomeres”  are  made  up  of  a  tandem  repeats  (TTAGGG  in 
humans  and  its  complementary  sequence)  (14-17).  This  region  is  non-coding  and 
its  sole  purpose  is  to  maintain  genomic  stability  by  keeping  the  chromosomes 
from  sticking  to  one  another  and  otherwise  interacting  in  ways  that  threaten  the 
chromosome’s  stability  (33).  The  essential  genetic  information  remains 
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unperturbed  until  this  telomeric  region  becomes  critically  short.  When  the 
telomeric  region  is  too  short,  the  functional  DNA  is  affected  (15,17)  (Figure  1). 
This  telomeric  shortening  inhibits  specific  telomeric  binding  proteins  from 
forming  critical  loop  structures  that  allow  for  telomeric  cap  formation  and 
chromosomal  stabilization  (15,23,33).  The  two  critical  loop  formations  that  the 
telomeres  provided  are  the  t-loop  and  the  d-loop.  The  t-loop  is  formed  by  the 
telomere’s  ability  to  integrate  its  3’  overhang  into  the  double  stranded  DNA  of  the 
telomere.  The  d-loop  is  formed  by  the  displaced  DNA  created  by  the  insertion  of 
the  3’  overhang.  Both  of  these  formations  are  guided  and  bound  in  each 
respective  state  by  specific  proteins.  These  formations  allow  for  telomere 
regulation  and  chromosomal  stabilization  (15). 

Mammalian  telomerase  solves  the  end-replication  problem  in  cancer  cells 
(25),  human  stem  cells,  and  reproductive  cells  (57)  by  adding  TTAGGG  repeats 
onto  the  telomeres  using  its  intrinsic  RNA  as  a  template  for  reverse  transcription 
(12).  When  telomerase  is  activated,  a  cell  becomes  immortal  (unlimited  cell 
proliferation).  Telomerase  activity  has  been  found  in  almost  all  human  tumors, 
but  not  in  adjacent  normal  cells  (25).  The  holoenzyme  (telomerase)  is  composed 
of  the  RNA  subunit  hTR,  and  the  protein  subunit  hTERT,  along  with  many 
associated  proteins.  For  a  review  of  the  holoenzyme  complex  components,  see 
Cong  YS  et.  al.  2002  (8).  The  most  widely  accepted  hypothesis  is  that 
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Origin 


1)  DNA  replication  is  initiated  at  the 
origin;  the  replication  bubble  grows  as 
the  two  replication  forks  move  in 
opposite  directions 

2)  Finally  only  on  primer  (pink) 
remains  on  each  daughter  DNA 
molecule 


3)  The  last  primers  are  removed  by  a 
5’— >■  3’  exonuclease,  but  no  DNA 
polymerase  can  fill  the  resulting  gaps 
because  there  is  no  3’-OFl  available  to 
which  a  nucleotide  can  be  added 


4)  Each  round  of  replication  generates 
shorter  and  shorter  DNA  molecules 
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Figure  1.  End-replication  problem 
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maintenance  of  telomere  stability  is  required  for  the  long-term  proliferation  of 
tumors  (42).  Thus,  escaping  from  cellular  senescence  and  becoming  immortal  by 
telomerase  activation  constitutes  an  additional  step  in  oncogenesis  that  most 
tumors  require  for  their  ongoing  proliferation.  Cellular  senescence  (replicative 
senescence)  is  the  natural  process  of  cell  death,  which  happens  when  the  cell 
cannot  sustain  normal  DNA  replication  due  to  telomeres  that  have  shortened  to  a 
critical  length  and  begin  to  interfere  with  the  normal  activity  of  important  genes 
(33).  Alternatively,  it  is  suspected  that  a  decrease  in  the  telomere 
heterochromatin  begins  to  affect  senescence  by  activating  normally  silenced 
genes  that  trigger  a  senescence  cascade  (33).  The  importance  of  the  telomere  in 
this  aging  process,  the  strong  association  between  aging  and  cancer,  and  its 
association  with  cancer  directly,  makes  telomerase  a  target  not  only  for  cancer 
diagnosis,  but  also  for  the  development  of  novel  anti-cancer  therapeutic  agents 
(7). 

1.3  Telomerase  detection 

The  current  standards  for  many  cancer  diagnoses  are  morphologically  based 
(cytology)  (19).  The  empirical  evaluation  of  the  target  cell’s  appearance  or 
change  in  appearance  compared  to  a  typical  cell  of  the  same  type,  dictates 
morphological  diagnosis.  This  diagnosis  can  vary  depending  on  the  preparation 
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of  the  specimen,  the  judgment  of  individual  evaluators,  and  the  criteria  used  to 
distinguish  normal  from  cancerous  or  precancerous  cells  (5,7,19).  This  type  of 
analysis  does  not  have  the  capability  to  screen  for  telomerase  activity.  The  ability 
to  provide  a  molecular  assay  that  is  based  on  objective,  quantifiable  parameters 
could  greatly  enhance  cancer  diagnosis.  The  current  detection  methods  for 
telomerase  are  based  on  its  intrinsic  polymerase  characteristics.  The  addition  of 
the  telomeric  repeat  sequence  to  a  DNA  template  is  the  basic  action  from  which 
many  different  assays  are  derived  (7,23,41).  This  fundamental  telomerase 
activity  is  utilized  in  a  plethora  of  detection  methods,  most  in  relation  to 
polymerase  chain  reaction  (PCR). 

The  most  common  test  currently  used  for  detecting  cancer  at  the  molecular 
level  is  the  telomeric  repeat  amplification  protocol  (TRAP)  assay.  There  are 
many  different  variants  of  the  TRAP  assay,  but  all  utilize  a  telomeric  substrate 
(G-rich  oligonucleotide)  upon  which  telomerase  adds  TTAGGG  repeats.  Then, 
polymerase  chain  reaction  (PCR)  amplification  of  the  newly  added  repeats  is 
performed.  The  PCR  product  can  be  labeled  for  detection  using  radioisotope 
incorporation,  chemiluminescence,  or  fluorescence.  The  PCR  product  is 
confirmed  using  polyacrilamide  gel  electrophoresis.  Although  several  of  the 
methods  are  qualitative  and/or  semi-quantitative,  (real  time  PCR),  drawbacks  still 
remain.  The  primary  drawback  is  extensive  sample  preparation.  The  samples 
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need  to  be  lysed  and  proteins  extraeted  under  sterile  eonditions  to  avoid 
contamination  (7,23,41). 

There  are  a  number  of  techniques  that  can  detect  telomerase  from  whole  cells 
(cytometry)  (59),  fixed  tissue  samples  (38),  or  tissue  lysates  (39).  However,  these 
techniques  generally  require  expensive  instrumentation  and  extensive  sample 
manipulation.  There  are  also  methods  that  involve  antibodies,  however  their 
detection  is  not  consistent  enough  to  be  useful  as  a  clinical  assay.  Although  the 
determination  of  telomerase  activity  could  be  an  extremely  powerful  marker  in 
cancer  diagnosis,  results  of  such  assays  are  not  consistent  between  techniques  (7). 
Nor  are  many  of  these  assays  convenient  to  perform  clinically  (7). 

There  is  also  potential  for  using  telomerase  activity  as  a  prognostic  indicator 
of  cancer  survivorship.  However  to  date,  a  quantitative  assay  with  reproducible 
results  that  could  lead  to  standard  ranges  of  telomerase  activity  for  a  given  stage 
of  malignancy,  has  not  yet  been  developed. 

1 .4  Relevance 

The  goal  of  my  research  project  is  to  develop  a  bench  top  molecular  based 
telomerase  detection  assay  that  would  be  quantitative,  convenient,  provide  real¬ 
time  results,  require  little  sample  manipulation,  minimize  testing  time,  and  require 
minimal  instrumentation.  This  combination  would  make  cancer  diagnosis  and 
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prognosis  much  more  affordable,  less  objective,  and  eonsiderably  more  user 
friendly.  The  ability  to  further  integrate  this  researeh  into  a  nanobioteehnology 
biosensor  would  allow  for  great  convenienee  and  portability.  In  addition, 
successful  detection  of  telomerase  using  a  molecular  beacon  would  demonstrate 
the  potential  applieation  of  this  assay  for  eapturing  other  DNA  binding  proteins. 
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CHAPTER  II 


METHODOLOGICAL  BACKGROUND 


2.1  Biological 

2.1 1  Fluorescence  Resonance  Energy  Transfer  (FRET) 

In  order  to  measure  moleeules  of  telomerase  proteins  a  reliable  method  of 
detection  was  needed.  In  reviewing  the  current  detection  techniques,  one 
mechanism  that  fit  the  necessary  criteria  for  detection  was  Fluorescence 
Resonance  Energy  Transfer  (FRET).  Regular  non-fluorescence  resonance 
energy  transfer  (non-FRET)  fluorescence  occurs  when  a  fluorescent  molecule 
(fluorophore)  absorbs  electromagnetic  energy  of  one  wavelength  (the  excitation 
frequency)  and  re-emits  that  energy  at  a  different  wavelength  (the  emission 
frequency)  (2,1 1,40,47,51).  Fluorophores  have  a  two-peaked  spectrum  in  which 
the  first  peak  is  the  excitation,  and  the  second  is  the  emission  (5 1).  For  the 
combined  FRET  effect,  the  emission  peak  of  the  fluorophore  must  overlap  with 
the  excitation  peak  of  the  quencher  and  the  two  molecules  must  be  in  close 
proximity  (Figure  2)  (1 1,47,52).  In  FRET,  light  energy  is  added  at  the  excitation 
frequency  for  the  fluorophore,  which  transfers  some  of  this  energy  to  the 
quencher,  which  then  re-emits  the  light  at  its  own  emission  wavelength 
(32,35,45).  The  net  result  is  that  the  fluorophore  emits  significantly  less  energy 
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than  it  normally  would  in  a  non-FRET  configuration  (since  some  of  the  energy  it 
would  radiate  as  light  gets  transferred  to  the  queneher  instead).  The  amount  of 
light  emitted  from  the  fluorophore  is  in  direet  relationship  with  the  distanee 
between  the  fluorophore  and  queneher  (32,35,45).  The  prineiples  of  FRET  were 
utilized  to  deteet  telomerase.  This  was  aeeomplished  by  using  the  intrinsie 
thermodynamie  properties  of  the  moleeular  beaeon. 


Figure  2.  Fluoreseenee  Resonanee  Energy  Transfer  (FRET) 

O  Fluorophore  ®  Quencher  ^  Excitation  wavelength  ^  Emission  wavelength  ^  Quencher  emission 

(A)  The  elose  proximity  of  the  fluorophore  and  the  queneher  allows  the 
emitted  light  from  the  fluorophore  to  be  absorbed  by  the  queneher.  The  result 
is  that  no  fluoreseent  emission  is  deteeted  from  the  fluorophore.  (B)  As  the 
distanee  between  the  fluorophore  and  the  queneher  inereases  the  deteetable 
emission  from  the  fluorophore  inereases.  (C)  When  the  eritieal  distanee  is 
aehieved,  100%  of  its  emission  is  deteetable. 
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2.12  Molecular  Beacon 


The  molecular  beacon  (Figure  3)  (TriLink,  Inc.)  is  one  of  the  core  components 
of  this  research.  This  molecular  beacon  (MB)  can  be  broken  down  into  several 


Biotxn 


Figure  3.  Modified  molecular  beacon 
The  hairpin  loop  sequence  is  modified  for  telomerase  capture 
(TTAGG)4  and  a  biotin  moiety  was  added  to  the  3’  stem.  The 
fluorophore  is  TMR  and  the  quencher  is  DABCYL.  (27) 


different  moieties.  These  individual  moiety  characteristics  give  the  entire  MB 
unique  molecular  properties.  The  different  moieties  are  the  3’  end  region,  5’  end 
region,  and  hairpin  loop.  The  5’  end  region  contains  the  fluorescent  molecule, 
tetramethylrhodamine  (TMR)  and  a  sequence  of  nucleotide  bases  that  form  a  stem 
structure  with  the  3  ’  end  region.  TMR  performs  maximum  excitation  at  546  nm 
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(spectra  450  nm  to  525  nm)  and  maximum  emission  at  576  nm  (spectra  475  nm  to 
650  nm).  The  3’  end  region  contains  a  biotin,  and  quencher  moiety.  The  biotin 
moiety  will  be  used  to  attach  the  MB  to  the  bovine  serum  albumin  (BSA)  -  biotin 
and  strep tavidin  modified  surface.  The  quencher  is  (4-dimethylaminophenylazo) 
benzoyl  (DABCYL),  for  which  the  maximum  excitation  is  453  nm  (spectra  350 
nm  to  575  nm)  with  maximum  emission  in  the  IR  range.  The  coupling  of 
DABCYL  with  TMR  for  FRET  purposes  optimized  the  signal  to  noise  ratio  (32). 
The  5’  and  3’  flanking  regions  form  a  stem  structure,  which  creates  the  hairpin 
loop.  This  loop  contains  a  24-mer  sequence  specific  for  telomerase  binding 
(TTAGGG)4.  When  the  5’  and  3’  ends  are  in  close  proximity  to  each  other,  under 
excitation  conditions,  there  is  effective  (but  not  total)  FRET  from  the  fluorescent 
molecule  to  the  quencher  molecule  (1 1,29,32,52).  This  energy  transfer  slowly 
digresses  upon  separation  of  the  fluorophore  and  quencher  either  by  stem  splitting 
or  random  coil  formation  (increases  in  temperature  from  70°-95°C  or  in  high  pH, 
see  Figure  4). 

Two  different  molecular  beacons  were  utilized  during  my  research.  Each  was 
specifically  developed  to  study  two  different  applications.  The  first  MB,  which  is 
non-biotinylated,  was  used  to  develop  a  bench  top  assay.  The  fluorophore  for  this 
MB  was  FAM  (6-carboxyfiuorescein).  The  second  MB,  which  was  biotinylated 
for  surface  attachment,  was  used  to  study  the  surface  preparation  and  for  the 
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eventual  transition  from  the  bench  top  assay  to  a  biosensor.  These  two  molecular 
beacons  were  very  similar,  but  have  several  significant  differences.  The  most 
important  similarity  was  the  sequence  and  length  of  the  hairpin  loop.  The 
differences  were  less  significant  in  relation  to  target  acquisition,  but  played  a 
significant  role  in  utilization  and  detection.  The  fluorophore  attached  to  the  5’ 
end  was  employed  to  allow  for  fluorescence  detection  utilizing  an  ABI  Prism 
7000  (detailed  instrument  description  in  Materials  and  Methods).  The  other 
major  difference  was  the  biotin  moiety  on  the  3’  end.  This  plays  a  critical  role  in 
surface  attachment. 

The  interactions  of  the  molecular  beacon’s  with  its  sequence-specific  target 
was  governed  by  the  laws  of  thermodynamics  [binding  constant  1.725e5  M''(27)]. 
The  thermodynamic  state  of  the  molecular  beacon/target  complex  dictated  what 
the  MB  conformation,  which  directly  correlated  with  the  FRET  state  between  the 
fluorophore  and  quencher.  There  were  many  variables  that  could  influence  the 
thermodynamic  properties  of  this  reaction,  e.g.  the  concentrations  within  the 
solution  could  be  manipulated  so  that  the  molecular  beacon/target  complex  was 
formed  more  readily. 

The  MB  alone  has  three  critical  functions  that  allowed  the  thermodynamic 
reaction  to  be  optimized.  The  first  was  manipulation  of  the  length  of  the  stem 
(50).  The  longer  the  stem  of  the  MB,  the  more  energy  it  would  take  to  break  the 
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bonds  formed  between  complementary  bases  (50).  The  second  was  to  vary  the 
energy  needed  to  form  a  stable  molecular  beacon/  target  complex.  This  was 
accomplished  by  varying  the  length  of  the  hairpin  loop.  Increasing  the  number  of 
bases  in  the  loop  also  increased  the  amount  of  energy  it  would  take  to  form  a 
stable  complex  (50).  Lastly,  the  specific  sequence  of  the  MB  served  the  most 
important  function.  This  sequence  acted  like  a  “lock”  that  only  the  correct  “key” 
sequence  would  open.  The  target  specificity  was  the  key  that  was  crucial  to  its 
function  (2-4,1 1).  The  MB  had  the  ability  to  discriminate  between  a 
complementary  sequence  and  a  sequence  that  had  just  one  base  mismatch 
(binding  constant  3.8e4  M'^)  (27). 

Molecular  beacons  have  the  ability  to  form  three  different  conformations, 
depending  upon  the  thermodynamic  characteristics  (Figure  4)  (3,50).  The  first 
conformation  is  the  stem  loop  structure  and  in  this  conformation,  normal  FRET 
takes  place  (normal  state.  Figure  4B).  The  second  conformation  is  the  random 
coil,  which  occurs  at  high  temperatures  or  high  pH  (Figure  4C).  Partial  FRET 
takes  place  in  this  conformation  due  to  the  fact  that  the  fluorophore  and  quencher 
are  slightly  separated  (3,50).  The  final  conformation  is  the  molecular  beacon/ 
target  complex  (Figure  4 A)  (3,50).  This  complex  causes  the  fluorophore  and 
quencher  to  completely  separate,  eliminating  FRET. 
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B 

Figure  4.  Molecular  Beacon  Conformations 

A.  Linear  conformation  (molecular  beacon  bound  to  target,  non-FRET).  B. 

Hairpin  loop  conformation  (FRET).  C.  Random  coil  conformation  (partial 

FRET)  (3,50). 

2.13  DNA  Binding  Proteins 

Proteins  are  composed  of  amino  acids,  which  were  translated  from  an  mRNA. 
The  amino  acid  sequence  folds  into  a  specific  shape  that  dictates  its  function.  The 
shape  (conformation)  of  any  protein  can  change  depending  upon  specific  post 
translational  modifications  (methylation,  phosphorylation,  etc.).  DNA-binding 
proteins  directly  interact  with  DNA.  Some  of  these  proteins  bind  DNA  in  a 
nonspecific  fashion  and  others  recognize  and  bind  to  a  specific  sequence  of  DNA 
(55). 

DNA-binding  proteins  regulate  many  processes  in  biological  systems.  These 
proteins  play  a  critical  role  in  controlling  gene  regulation,  chromosomal 
protection  and  repair,  gene  expression,  and  many  other  functions  (55).  These 
proteins  interact  with  DNA  through  ionic  or  hydrogen  bonds  provided  by  the 
phosphate  backbone  or  through  intercalation  of  bulky  ring-shaped  side  chains 
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between  the  bases.  The  binding  kineties  of  these  proteins  are  governed  by 
thermodynamic  principles.  Since,  DNA  is  inherently  negatively  charged  and 
DNA  binding  proteins  are  inherently  positively  charge  there  is  constant 
interaction  between  the  two  species  (55). 

For  some  proteins  these  simple  interactions  are  enough  to  form  relatively 
stable  protein-DNA  hybrids.  These  types  of  proteins  are  nonspecific  and  usually 
have  stable,  albeit  weak  interaction  with  their  DNA  counterparts.  Other  DNA 
binding  proteins  must  produce  a  relatively  strong  DNA  binding  hybrid  (along 
with  other  protein  interactions)  for  activation.  This  type  of  DNA  binding  protein 
recognizes  a  specific  DNA  sequence  and  forms  a  hybrid  in  which  the  decrease  in 
free  energy  is  more  significant.  This  reaction  forms  a  strong  DNA-protein  hybrid 
that  is  very  stable.  Theoretically  in  a  MB,  a  DNA  binding  protein  should  be  able 
to  bind  to  the  specific  sequence  in  the  hairpin  loop,  open  the  MB,  and  cause 
signal  emission  when  excited. 

An  example  of  protein  binding  to  a  DNA  sequence  of  a  MB  was  described  by 
Jianwei  Jeffery  Li  at  the  University  of  Florida  (28).  His  results  indicated  that  a 
single-stranded  DNA  binding  protein  (SSB)  bound  to  the  hairpin  loop  of  a  MB 
forming  a  linear  hybrid  (  and  thus  separating  the  stem  causing  fluorescence).  The 
DNA-protein  binding  kinetics  of  the  MB  were  much  quicker  (MB  and  SSB, 
binding  constant  2.0e7  M'^)  than  the  DNA-DNA  binding  kinetics  (1.725e5  M“^). 
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Extrapolations  from  these  experiments  showed  that  the  thermodynamics  of  the 
DNA-protein  binding  and  the  DNA-DNA  binding  were  similar  in  that  they  both 
linearize  the  MB  causing  fluorescence.  Li  also  showed  that  a  1:1  ratio  of  SSBs  to 
molecular  beacons  in  solution  gave  approximately  the  same  fluorescent  results  as 
a  4:1  ratio  (SSB:MB).  Li  was  able  to  detect  SSBs  at  a  concentration  of  0.2nM 
using  a  mercury  excitation  source.  If  a  laser  excitation  source  was  utilized, 
detection  was  enhanced  by  three  orders  of  magnitude  down  to  ~0.2pM  (58). 

Since  there  are  no  standardized  detection  systems  for  this  type  of  assay,  my 
project  will  utilize  the  ABI  Prism  7000  real  time  PCR  machine  as  a  detector  of 
fluorescence.  The  excitation  source  was  a  tungsten-halogen  lamp. 

2.14  Purified  hTERT  and  hTR  production 

Telomerase  has  multiple  components  (as  described  in  section  1.2,  pg.  2),  but 
hTERT  and  hTR  have  been  shown  to  be  the  two  critical  components  of 
telomerase  activity  both  in  vivo  and  in  vitro  (21,26,48,56).  The  hTERT  protein 
acts  as  the  catalytic  portion  of  the  telomerase  holoenzyme  and  the  hTR  RNA  acts 
as  the  synthesizing  template  (21,26,48,56).  These  two  components  along  with 
rabbit  reticulocyte  lysate  (RRL)  produce  telomerase  activity  in  vitro  (21,56). 

The  cDNAs  for  the  transcription  and  translation  reactions  were  made  available 
via  modified  plasmids.  There  were  two  different  plasmids  utilized  in  the 
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production  of  these  components.  The  hTR  eomponent  was  produeed  using 
pGRN83  plasmid  (Geron  Corp.).  The  pGRN83  plasmid  was  eonstmeted  by  PCR 
of  the  exaet  5’  and  approximate  3’  end  of  the  RNA  eomponent  of  human 
telomerase  from  the  genomie  clone  of  hTR.  This  PCR  produet  was  blunted  with 
Klenow  and  cloned  into  the  ECL36II  site  of  pGEM5Zf+  (26).  The  production  of 
hTERT  was  accomplished  using  the  pXhTRTE  plasmid.  This  plasmid  contained 
the  hTERT  sequenee  eloned  into  the  EeoR  I  spliee  site  of  the  pcDNA3. 1/his  C 
plasmid  (Invitrogen  Corp).  The  two  plasmids  were  obtained  from  Geron  Corp, 
(Menlo,  CA)  and  the  laboratory  of  Dr.  Shawn  Holt  (Medieal  College  of  Virginia, 
Virginia  Commonwealth  University),  respeetively. 

These  plasmids  were  inserted  into  eompetent  baeterial  cells  (DH5a,  Gibco). 
These  eells  were  specifleally  engineered  to  readily  take  up  target  plasmids.  This 
plasmid  uptake  transformed  the  eell,  opening  pores  in  the  eell  membrane  when 
heated.  These  pores  elosed  when  cooled  on  ice.  The  new  plasmid  containing 
bacteria  were  plaeed  in  general  growth  broth  for  recovery  and  given  time  to 
express  the  plasmid-bome  antibiotic  resistance  gene.  Then  a  portion  of  the 
culture  was  plaeed  into  an  antibiotie-seleetive  media  so  that  only  the  cells  that 
were  transformed  would  survive.  The  transformed  cells  retained  the  plasmid, 
whieh  eontained  the  antibiotie  resistanee  gene  specifle  to  the  antibiotic  in  the 
media,  as  well  as  the  gene  for  the  target  protein  or  RNA.  The  eells  were  grown  in 
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the  selective  media  until  the  peak  of  the  log  phase  and  then  the  plasmids  were 
extracted.  The  extracted  plasmids  were  then  used  in  the  transcription/  translation 
reaction.  This  reaction  provided  purified  hTERT  and  hTR  in  RRL. 

2.2  Use  of  the  ABI  Prism  7000  for  Molecular  Beacon  Signal  Detection 

Since  this  novel  assay  had  no  standard  detection  mechanism,  I  followed  the 
literature  and  utilized  a  real-time  PCR  machine  as  the  detection  source.  The  ABI 
Prism  7000  (Applied  BioSystems  Inc.,  Foster  City,  CA)  was  the  instrument 
available  for  my  use.  The  ABI  Prism  7000  device  allows  for  temperature  control 
of  the  sample,  and  is  capable  of  providing  fluorescent  data  on  96  different 
samples  during  one  run.  This  device  utilizes  a  tungsten-halogen  lamp  as  a  broad 
range  excitation  source.  The  excitation  light  passes  through  an  excitation  filter 
and  then  through  the  top  of  the  sample  container  exciting  the  fiuorophores.  The 
emission  from  each  sample  well  is  then  reflected  through  a  dichroic  mirror, 
emission  filter  and  collected  by  a  charge-coupled  device  (CCD)  camera  (Figure 

5). 

2.21  ABI  Prism  7000  Operation 

Before  conducting  any  experiments  using  the  ABI  Prism  7000,  a  background 
assay  was  performed  so  that  the  machine  calibrated  background  fluorescent  levels 


19 


for  each  individual  well.  In  this  manner,  the  instrument  had  the  capacity  to 
extract  the  background  fluorescence  from  each  well  during  the  sample  run 
(following  manufacturer’s  instructions).  The  extracted  background  was  used  by 
the  machine  to  determine  relative  sample  fluorescence  during  experimental  runs. 
Secondly,  this  machine  was  built  to  perform  real-time  PCR  and  optimized  to 
detect  the  characteristics  of  a  real-time  PCR  reaction. 

The  operation  of  this  machine  as  a  fluorescence  reader  required  several 
program  variations.  Since,  normal  PCR  is  a  three  stage  temperature-dependent 
process,  with  fluorescence  detection  in  the  final  stage,  several  of  these  stages  had 
to  be  removed  or  manipulated  with  software  supplied  by  the  manufacture.  Two 
of  the  thermal  stages  were  removed  and  the  other  one  was  placed  one  degree 
lower  than  the  temperature  of  data  collection.  The  sample  would  be  at  one  degree 
below  testing  temperature  for  one  second  and  then  the  program  would  move  into 
the  second  stage  where  the  fluorescence  could  be  read  and  held  at  this  stage  for 
1 :36  minutes  (this  is  the  minimum  time  require  for  this  field).  This  thermal  cycle 
was  run  three  times.  After  the  temperature  data  were  collected,  a  new  experiment 
had  to  be  setup  in  the  software  so  that  a  different  temperature  could  be  tested. 

The  experiment  was  completed  upon  finishing  the  temperature  cycle  (80°C  to 
10°C  to  80°C,  in  increments  of  5°).  All  data  were  exported  into  Microsoft 
EXCEL. 
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Figure  5.  Illustration  of  Light  Path  in  the  ABI  Prism  7000 
The  pieture  illustrates  the  path  from  the  exeitation  lamp  to  the 
sample  and  the  emission  from  the  sample  to  the  CCD  eamera 
lens.  This  figure  is  reprodueed  with  permission  from  Applied 
BioSystems  Ine. 


2.3  Olympus  FV300/IX80  Confoeal  Mieroseope 

Deteetion  of  the  biotinylated-MB  and  interaetions  with  fluoreseently-labeled 
avidin  eoated  polystyrene  beads  had  to  be  performed  using  mieroseopy.  This  was 
important  in  showing  proof-of-eoneept  for  a  MEMS-based  deviee.  To  that  end, 
the  Olympus  FV300/IX80  eonfoeal  mieroseope  was  utilized.  The  Olympus 
FV300/IX  eonfoeal  mieroseope,  utilizes  several  unique  funetions  to  optimize 
sample  viewing;  ineoming  laser  light  sourees,  a  beam  eollimator,  laser  adjustment 
neutral  density  filter  turret,  diehroie  mirrors,  pinhole  turret,  photomultiplier  tubes 
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(PMT),  beam  splitters,  fluoreseenee  filters,  transmitted-light  differential 
interferenee  eontrast  (DIC)  imaging,  bright  light,  and  UV  (mereury  lamp) 
capabilities.  Additional  information  is  available  at 
http://www.olvmpusfluoview.com/theorv  /confocalintro.html. 

The  two  laser  sources  available  for  confocal  microscopy  were  the  Helium- 
Neon  (Green  HeNe)  and  a  multi-Argon  laser.  The  most  frequently  utilized  laser 
was  the  green  HeNe;  optimized  to  emit  light  at  the  543  nm  wavelength.  The 
Multi-Argon  (blue)  laser  emits  light  at  the  488nm  wavelength.  There  are  two 
dichroic  mirrors  in  the  platform,  which  allowed  the  sample  to  be  adjusted  for 
optimal  viewing  and  photomultiplier  tube  selection.  The  two  photomultiplier 
channels  allowed  for  multiple  fluorescent  views  of  the  sample.  The 
photomultiplier  tubes  were  adjusted  via  the  operating  voltage  to  increase  or 
decrease  the  sensitivity  of  the  light  detected  from  the  sample  being  viewed.  This 
type  of  microscope  utilized  a  pinhole  turret  that  allowed  the  user  to  view  different 
planes  of  the  sample  or  the  entire  sample  depending  on  sample  thickness.  The 
depth  of  the  plane  depended  upon  the  pinhole  size.  There  were  five  different 
aperture  sizes  from  which  to  select,  with  each  aperture  having  individual  visual 
characteristics  relative  to  the  sample  area.  The  confocal  microscope  discussed 
here  and  used  for  these  studies  was  equipped  with  multiple  emission  filters,  which 
were  easily  interchangeable,  and  regulated  the  emission  wavelengths  from  the 
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sample  that  passed  through  to  the  PMT.  The  culmination  of  these  characteristics 
made  this  microscope  well  suited  to  optimize  and  view  fluorescent  samples  with 
great  accuracy  and  precision  (Figure  6). 
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Figure  6.  Illustration  of  Light  Path  in  Basic  Confocal  Microscope  Configuration 
The  picture  depicts  the  excitation  from  the  laser  to  the  sample  and  the  emission 
from  the  sample  to  the  photomultiplier  tube.  Figure  source: 
http://www.microscopyu.com/articles/confocal/confocalintrobasics.html 
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2.4  Electrical  Engineering  Principles  Applied  to  Device  Development 

2.41  Overview 

The  capacity  to  integrate  a  molecular  assay  into  the  lumen  of  a  capillary  tube 
(attached  indirectly  to  the  inner  lumen),  which  has  the  ability  to  direct  the 
emission  from  the  MB  down  the  capillary  to  a  detection  source  while  eliminating 
the  excitation  source,  would  be  ideal  for  developing  a  biological  assay  in  a 
microchip.  The  electrical  engineering  principles  from  which  these  capabilities  are 
derived  are  as  follows:  defining  a  liquid  core  waveguide  (LCWG),  Snell’s  Law, 
total  internal  reflection  (TIR),  and  transverse  excitation/axial  detection.  These 
principles  are  described  below. 

2.42  Liquid  core  waveguide  (LCWG) 

A  liquid  core  waveguide  is  defined  by  the  relationships  of  the  refractive 
indices  of  the  materials  used  to  produce  the  capillary  or  surround  the  capillary 
after  production  (18).  These  relationships  are  governed  by  many  laws,  but  Snell’s 
law  governs  how  light  is  reflected  or  refracted  when  it  passes  from  one  media  into 
another  media  with  a  different  refractive  index  (18).  I  anticipate  that  the  inner 
lumen  of  the  LCWG  will  be  filled  with  water,  (refractive  index  of  1.33)  and  the 
material  surrounding  the  water  must  have  a  lower  refractive  index  than  the  water 
for  a  portion  of  the  light  to  be  total  internally  reflected.  The  lower  the  refractive 
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index  of  the  surrounding  material,  the  more  light  will  be  internally  reflected  down 
the  LCWG.  There  are  several  key  qualities  that  make  a  glass  liquid  core 
waveguide  a  useful  platform  for  fluorescence  detection.  These  qualities  are  based 
on  the  ability  to  integrate  it  into  a  fluidic  system,  modify  the  surface  chemistry  for 
functionalization,  decrease  signal  to  noise  and  channel  fluorescence  emission 
(Appendices  A-B).  The  TIR  properties  of  the  LCWG  can  be  predicted  using 
Snell’s  Law.  This  prediction  should  correlate  directly  with  the  percentage  of  light 
captured  down  the  LCWG  and  thus,  address  the  sensitivity  of  detection. 

2.43  Snell’s  Law 

ni  sin  01  =  n2  sin  02 

One  of  the  functions  of  this  law  is  controlling  the  interactions  of  light  when 
passing  from  one  media  into  another  with  differing  indices  of  refraction  (18). 
Calculations  based  on  this  law  will  determine  the  amount  of  fluorescence  that  is 
totally  internally  reflected  (TIR),  passing  to  the  fiber  optic  cable  (Appendices  A- 
B).  This  law  does  not  take  into  account  the  quality  of  the  glass  or  smoothness  of 
the  surface,  both  of  which  could  enhance  or  detract  from  signal  detection. 
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2.44  Total  Internal  Reflection  (TIR) 

When  light  interfaces  with  a  boundary  (with  an  angle  <  the  critical  angle,  as 
defined  by  Snell’s  law),  at  which  the  medium  it  is  exiting  has  a  significantly 
higher  index  of  refraction  than  the  medium  it  is  entering,  the  light  is  reflected  and 
remains  inside  the  first  medium  (18).  This  reflected  light  will  continue  in  the  first 
medium  unless  it  encounters  imperfection  in  the  glass  or  the  angle  of  incidence 
changes  exceeding  the  critical  angle  (Appendix  B).  When  the  light  traveling  in  a 
glass  capillary  encounters  these  types  of  problems,  the  signal  can  be  significantly 
diminished  or  lost.  I  predict  that  the  most  efficient  method  of  excitation  and 
signal  detection  will  be  transverse  excitation/  axial  detection  based  on  Snell’s  law. 

2.45  Transverse  Excitation/ Axial  Detection 

To  optimize  the  transverse  excitation/  axial  detection  a  functionalized 
capillary  will  slide  into  a  fitted  sleeve,  around  which  will  be  a  cushion  of  air.  The 
excitation  wavelength  from  a  line  source  most  probably  light  emitting  diodes 
(LEDs),  will  pass  through  the  outer  cladding  and  into  the  water  exciting  the 
fluorophores  attached  to  the  inner  lumen  of  a  functionalized  capillary,  while  the 
unused  portion  of  the  excitation  beam  passes  directly  through  the  LCWG  (based 
on  Snell’s  Law).  A  percentage  of  the  emission  from  the  excited  fluorophore 
transmits  down  the  LCWG  and  will  enter  a  fiber  optic  cable  (Ligure  7).  The 
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signal  to  noise  ratio  should  be  greatly  enhaneed  due  to  the  LCWG’s  ability  to 
signifieantly  reduee  the  amount  of  exeitation  wavelength  that  is  TIR.  The 
enhancement  effect  of  the  signal  is  predicated  on  the  glass  quality  and  the 
turbidity  of  the  solution  inside  the  LCWG. 
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Figure  7.  Illustration  of  Transverse  Excitation/  Axial  Detection 
This  picture  illustrates  the  ECWG  placement  in  the  PDMS  chip  and  the 
cushion  of  air  that  would  surround  the  ECWG.  The  excitation  source  would 
emit  from  the  Y  axis  and  the  fluorescent  emission  for  the  MB  would  be 
detected  on  the  X  axis. 
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2.5  Mechanical  Engineering  Principles  Applied  to  Device  Development 

2.51  Overview 

The  mechanical  engineering  principles  of  chip  fabrication  and 
micromachining  would  be  use  to  produce  a  PDMS  chip  that  would  house  the 
LCWG,  and  modification  to  the  LCWG  that  would  optimize  fluorescence 
detection. 

2.52  Photolithography 

In  order  to  fabricate  this  PDMS  chip,  the  design  pattern  must  first  be 
transferred  using  photolithography.  Photolithography  is  the  use  of  light  to 
transfer  a  two-dimensional  pattern  (mask)  onto  a  surface  that  has  been  uniformly 
covered  with  a  photoresist  (30).  The  mask  is  produced  using  a  computer  drawing 
program  (Adobe  Illustrator)  and  printed  onto  a  transparency  using  a  laser  printer. 
The  laser  printer’s  resolution  directly  correlates  to  the  mask’s  precision. 
Therefore,  greater  resolution  yields  higher  quality  masks.  The  mask  will 
determine  the  area  of  the  photoresist  that  will  remain  after  developing.  The 
thickness  of  the  photoresist  determines  the  third  dimension.  Thickness  is 
determined  by  the  type  of  photoresist  used  and  the  revolutions  per  minute  (RPM) 
at  which  the  photoresist  is  applied. 
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The  photoresist  is  eentered  on  the  surfaee  of  the  substrate  and  then  the 
substrate  is  spun  at  a  designated  RPM  to  uniformly  spread  the  photoresist  to 
specified  uniform  thickness.  The  higher  the  RPM  (correlates  to  more  centrifugal 
forces  acting  on  the  photoresist)  the  thinner  the  photoresist  layer.  There  are  two 
categories  of  photoresist,  negative  and  positive.  When  exposed  to  UV  light, 
negative  photoresist  (e.g.  S-1813)  will  crosslink  the  main  chains  or  pendant  side 
chains  thus  making  the  exposed  area  insoluble  in  the  developing  solution 
(30)(Figure  8).  When  exposed  to  UV  light  positive  photoresist  (e.g.  SU-8)  will 
weaken  the  polymer  by  rupture  or  scission  of  the  main  and  side  polymer  chains, 
thus  making  the  exposed  area  soluble  in  developing  solution  (30)(Figure  8).  By 
varying  mask  design,  photoresist  type  and  thickness,  and  multiple  applications, 
photoresist  structures  produced  can  be  complex. 


Figure  8.  Illustration  of 
Photolithography  for  Negative  and 
Positive  Photoresist.  This 
illustration  shows  with  the  same 
mask  (after  UV  exposure)  two 
different  results  based  on  the  type 
of  photoresist  utilized.  For  the 
positive  photoresist  the  portion  not 
exposed  to  the  UV  remains  intact. 
For  the  negative  photoresist  the 
portion  exposed  to  the  UV  remains 
intact.  (Picture  created  by 
http://www.ece.gatech.edu/research 
/labs/vc/theory/photolith.html) 
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2.53  Polv(dimethvlsiloxane)  (PDMS) 


Poly(dimethylsiloxane),  also  known  as  PDMS,  is  a  polymer  that  is  frequently 
used  in  the  fabrication  of  micro-fluidic  systems.  PDMS  is  a  low  cost  material  that 
has  many  advantages,  as  it  is  easy  to  bond  (PDMSiPDMS,  PDMS:Glass), 
optically  transparent  (230  to  700  nm  wavelength),  and  permeable  to  some  gases 
(31,34,44,53).  Compared  to  traditional  etching  and  bonding  approaches,  PDMS 
micro-molding  is  simple  and  rapid. 

The  PDMS  polymer  was  mixed  with  a  hardener  and  then  placed  on  top  of  the 
mold  which  was  produced  by  photolithography.  The  PDMS  hardens  and  is 
removed  leaving  the  pattern  imprinted  on  the  PDMS  surface.  This  PDMS 
structure  can  then  be  bonded  to  a  glass  surface  or  to  a  PDMS  surface  for 
fabrication  of  micro-fluidic  device.  This  was  the  most  readily  used  technique  for 
adhering  the  PDMS  to  the  surface  is  called  plasma  bonding. 

2.54  Plasma  Bonding 

Plasma  bonding  is  the  process  of  etching  the  bonding  surface  of  PDMS  or 
glass  with  oxygen  plasma  so  that  the  surface  is  covered  with  hydroxyl  groups 
(30).  This  surface  chemistry  allowed  for  covalent  bonds  to  form  when  it  came 
into  contact  with  other  hydroxyl  surface  groups.  This  reaction  (with  other 
hydroxyl  groups)  produced  water  and  a  covalent  bond  utilizing  one  of  the  oxygen 
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molecules.  This  bond  between  PDMS  and  PDMS,  or  PDMS  and  glass  is  very 
strong  and  can  withstand  significant  internal  pressures.  Once,  the  PDMS  has 
been  bonded  to  the  glass  surface,  the  capillary  needs  to  be  modified  for  insertion 
into  the  PDMS.  Deposition  of  a  metal  coat  on  the  proximal  and  distal  ends  of  the 
capillary  will  be  necessary  so  that  minimal  signal  is  lost  at  the  glass  PDMS 
interface. 

2.55  E-beam  Evaporation/  Metal  Deposition 

Metal  deposition  is  a  process  whereby  a  surface  is  coated  with  a  specific  metal 
while  regulating  the  thickness.  The  metal  is  heated  to  its  evaporating  point  under 
a  vacuum  so  that  the  metal  atoms  diffuse  uniformly,  coating  everything  in  their 


Metal  coating 


Water 

Figure  9.  Illustration  of  Metal  Deposition  onto  a  Capillary. 
The  extreme  ends  of  the  capillary  and  the  exposed  glass 
cladding  (only  one  end)  are  coated  with  metal. 
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path.  The  thickness  of  the  metal  is  monitored  via  a  quartz  crystal.  The  crystal’s 
vibration  or  change  in  vibration  measures  the  amount  of  the  metal  on  the  surface 
of  the  substrate.  The  metal  can  be  deposited  onto  a  glass  surface  with  photoresist 
so  that  after  deposition  the  photoresist  can  be  removed  and  the  metal  coating  will 
now  retain  the  pattern  that  the  photoresist  did  not  cover.  This  deposition  on  the 
proximal  and  distal  ends  of  the  capillary  is  important  because  it  is  at  these  points 
that  the  capillary  interfaces  with  the  PDMS  inner  lumen.  If  the  capillary  makes 
direct  contact  with  the  PDMS,  then  signal  is  lost.  The  addition  of  the  modified 
ends  will  allow  for  more  fluorescence  to  be  TIR  down  the  LCWG  to  the  fiber 
optic  cable  (Figure  9). 
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CHAPTER  III 


Experimental  Materials  and  Methods 


3.01  Overview 

The  material  and  methods  seetion  follows  the  ehronologieal  order  of  the 
researeh  projeet.  The  first  step  was  the  eharaeterization  of  the  FAM  labeled  MB 
in  the  ABI  Prism  7000  with  a  synthesized  oligonueleotide  target.  The  rationale 
was  to  provide  a  snapshot  of  the  moleeular  beaeon’s  behavior  at  different 
temperatures  using  this  optieal  fluoreseent  deteetion  deviee.  Using  an  oligo  target 
for  the  first  step  of  optimization  was  eritieal  for  setting  base  line  eonditions  from 
whieh  the  protein  eapture  assay  eould  be  derived.  During  this  step,  a  series  of 
target  oligonueleotide  solutions  were  produeed  to  determine  the  minimum 
deteetion  limit  of  the  ABI  Prism  7000  as  an  optieal  fluoreseent  deteetion  deviee. 
In  addition,  I  wanted  to  reeapitulate  the  behavior  of  the  MB  as  deseribed  in  the 
literature  in  order  to  familiarize  myself  with  it  under  different  eonditions. 

The  seeond  step  was  to  modify  a  glass  eover  slip  and  attaeh  non-fluoreseent 
streptavidin-polystyrene  partieles  on  whieh  the  modified  MB  eould  be  attaehed 
and  analyzed.  The  rationale  for  this  step  was  to  show  stable  binding  of  the 
biotinylated  MB  to  the  streptavidin  surfaee  of  the  beads.  In  addition,  this  biotin 
arm  did  not  impede  target-MB  binding.  Finally,  the  streptavidin  eoated  beads 
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provided  a  quality  controlled  environment  for  analyzing  MB-target  binding  that 
was  immobilized  to  a  surface.  The  third  step  was  to  modify  a  glass  cover  and 
attach  streptavidin  to  it.  Onto  this  prepared  surface  the  modified  MB  could  be 
attached  and  analyzed.  This  was  done  to  demonstrate  that  glass  surface 
modification  would  result  in  an  environment  conducive  to  MB-binding,  therefore 
providing  preliminary  evidence  for  glass  capillary  functionalization.  The  fourth 
step  involved  preparing  competent  bacteria  cells  for  transformation. 

Steps  5-8  were  performed  to  produce  translated  hTERT  product  and 
transcribed  hTR  product.  Both  of  these  purified  components  should  allow  for 
specificity  and  binding  to  the  MB  without  exogenous  unknown  factors  from  total 
protein  extracts.  The  fifth  step  was  transformation  of  the  competent  bacterial 
cells  with  the  selected  plasmids.  Step  six  involved  plasmid  extraction,  validation, 
and  transcription  reaction  mix  preparation.  The  seventh  step  was  the  transcription 
and  translation  of  the  selected  plasmids.  Step  eight  was  reconstitution  of 
telomerase  in  vitro  via  transcription  of  hTERT  and  hTR  cDNA  and  translation  of 
hTERT  mRNA.  The  ninth  step  was  testing  the  reconstituted  telomerase  with  the 
MB  bench-top  assay,  and  comparing  results  with  the  more  conventional  TRAP 
assay  (since  the  TRAP  assay  analyzes  telomerase  activity).  The  rationale  for  this 
step  was  to  observe  whether  there  was  a  direct  correlation  between  telomerase 
molecules  captured  and  signal  intensity  indicated  by  telomerase  activity.  The 
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tenth  step  was  to  test  protein  extracts  from  both  telomerase-positive  and 
telomerase-negative  cell  lines.  Detection  and  subsequent  measurements  of  the 
FAM  labeled  MB  were  done  using  the  ABI  Prism  7000. 

3.02  Fluorescent  Characterization  of  the  FAM  Labeled  Molecular  Beacon 
Throughout  development  of  the  bench-top  assay,  the  focus  in  regards  to  the 
MB  and  the  target  oligos,  was  not  molarity,  but  molecular  copies  per  micro  liter. 
This  approach  was  chosen  because  the  goal  of  this  project  was  to  determine  the 
molecules  of  telomerase  that  may  be  detected  in  a  sample  solution. 

Several  parameters  were  tested  during  these  experiments.  The  first  parameter 
was  finding  the  optimal  molarity  of  the  MB  in  the  assay  reaction.  The  second 
parameter  was  determining  the  minimum  detection  limits  of  the  assay  utilizing 
the  ABI  Prism  7000.  The  third  parameter  involved  determining  the  thermal 
characteristics  of  the  MB  from  80°C  -  10°C  -  80°C  (3,4,50).  Each  of  these 
parameters  could  be  evaluated  in  a  single  96  sample  experiment.  Four  separate 
master  mix  solutions  were  prepared  with  the  only  variant  being  MB  molarity. 

The  molarities  of  Tris-HCl  pH  8.0,  KCl,  and  MgCl2  were  held  constant  to  the 
manufacture’s  recommendations  (20mM,  50mM,  5mM,  respectively).  The 
reference  dye  ROX  (5-carboxy-X-rhodamine,  Invitrogen,  25 pM)  was  added  at  the 
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same  concentration  (125nM)  to  each  master  mix  for  normalization  of  the 
experiment. 

These  four  solutions,  1.2ell  MB  copies/pL  (200nM),  9.04el0  MB  copies/pL 
(150nM),  6.02el0  MB  copies/pL  (lOOnM),  S.OlelO  MB  copies/pL  (50nM),  were 
each  compiled  to  make  16  different  50pL  reactions.  Of  the  16  samples,  two  were 
used  as  controls,  and  the  other  14  samples  had  varying  concentrations  of  target 
oligonucleotide  ranging  from  2.0el  1  copies/pL  (332nM)  to  0.2  copies/pL 
(0.332aM),  decreasing  in  log  increments.  The  master  mix  protocol  for  the  1.2el  1 
MB  copies/pL  (200nM)  MB  experiment  is  as  follows  (one  sample  volume  was 
added  to  compensate  for  pipette  error,  all  other  master  mix  compilations  can  be 
extrapolated): 

1.  12.5pL  200mM  KCl/sample  x  17  samples  =212.5pLKCl 

2.  5pL  200mM  Tris-HCl  pH  8.0/sample  x  17  samples  =  85pL  Tris-HCl 

3.  1.25pL  200mM  MgCVsample  x  17  samples  =  21.25pL  MgCli 

4.  0.25 pL  25 pM  ROX/sample  x  17  samples  ==  4.25 pL  ROX 

5.  Vortex  master  mix  and  spin  down 

6.  Add  31.05pL  DDH2O  to  the  solution  sample 

7.  Add  21 .05pL  DDH2O  to  the  blank  sample 

8.  Add  18.95pL  of  Master  mix  to  the  solution  sample  (completed) 

9.  lOpL  IpM  MB/sample  x  16  samples  (-1  for  solution)  =  160pL  MB 
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10.  Vortex  master  mix  briefly  and  quick  spin 

11.  Add  28.95|aL  of  Master  mix  to  the  blank  (completed) 

12.  20.05  pL  DDH20/sample  X  15  (-1  for  blank)  -  300.75 pL  DDH2O 

13.  Vortex  Master  mix  briefly  and  quick  spin 

14.  Aliquot  49pL  into  each  sample  well 

15.  Add  2pL  of  target  oligo  into  each  sample  well  (pipette  mixed) 

Starting  with  lel3  oligo  copies/pL  (16.6  pM)  and  ending  with  10  oligo 
copies/pL  (0.0166fM) 

The  samples  were  loaded  into  optical  tubes  (Applied  BioSystems  Inc.,  Part 
No.  4316567)  and  the  optical  caps  (Applied  BioSystems  Inc.,  Part  No.  4323032) 
placed  on  top.  The  optical  portion  of  the  caps  should  not  be  touched  at  any  time. 
The  large  end  of  a  medium  pipette  tip  was  used  to  firmly  secure  the  optical  caps 
on  the  optical  tubes.  Also,  powder-free  gloves  were  used,  as  powder  may 
interfere  with  the  optics.  Make  sure  there  are  no  bubbles  in  the  sample  solutions. 
If  bubbles  are  present,  the  samples  must  be  spun  down. 

3.03  Preparation  of  the  Target  Solution 

The  lyophilized  target  oligonucleotide  (oligo)  was  produced  by  Texas  Tech 
University  Center  for  Biotechnology  and  Genomics.  The  24mer  target 
oligonucleotide,  with  a  sequence  of  5’-CCCTAACCCTAACCCTAACCCTAA- 
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3’,  was  complementary  to  the  hairpin  loop  in  sequenee  and  length.  This  oligo 
was  resuspended  in  lOOpL  of  double  distilled  water  (1.65el4  eopies/pL, 

273. 5 pM,).  The  moleeular  weight  was  given  on  the  produetion  sheet  supplied  by 
the  synthesizer  and  caleulations  were  made  to  produce  a  solution  with  an  oligo 
eount  of  lel3  oligo  copies/pL.  This  solution  was  then  used  to  produee  serial 
dilution,  down  to  lei  oligo  eopies/  pL. 

3.04  Moleeular  Beaeon  Attaehment  to  Avidin-Polystyrene  Particles  on  a  Glass 
Cover 

This  first  step  may  not  have  been  the  most  logical  step  in  project  development, 
but  the  ability  to  locate,  identify,  and  fluorescently  charaeterize  a  bound  particle 
that  was  6.7pm  in  diameter  was  thought  to  be  more  effective  and  less  problematie 
than  one  that  was  ~5nm  (37).  The  first  step  was  to  elean  the  glass  eover  surfaee 
(FISHERfinest,  Premium  cover  glass,  24mm  x  60mm).  The  first  wash  sequenee 
began  with  two  washes;  eaeh  with  5mL  of  acetone  followed  by  three  5mL  washes 
of  ethanol  (70%)  and  then  washed  with  lOmL  of  double  distilled  water.  The 
seeond  wash  sequenee  eonsists  of  a  5mL  wash  of  2  M  ammonia  hydroxide 
followed  by  a  lOmL  wash  of  double  distilled  water.  The  second  wash  sequence 
was  repeated  three  times.  After  eompleting  the  last  sequenee  of  the  seeond  wash, 
eompressed  air  was  used  to  remove  any  residual  water.  Next,  a  5pL  drop  of 
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biotinylated  bovine  serum  albumin  (BSA-biotin,  Sigma,  Img/mL,  resuspended  in 
20mM  phosphate  buffered  saline  pH=7.0)  was  pipetted  onto  the  glass  surfaee. 

The  sample  was  left  at  room  temperature  until  the  liquid  evaporated.  This  time 
duration  was  dependent  upon  the  humidity  and  temperature  in  the  preparation 
area.  After  the  liquid  evaporated  from  the  glass  surfaee  there  was  a  transparent 
eirele  outline  where  the  BSA-biotin  was  plaeed.  This  area  was  washed  with 
lOmL  of  double  distilled  water  to  remove  unattaehed  BSA-biotin.  The  area  of 
BSA-biotin  was  very  hydrophilie  and  retained  some  of  the  water.  Then  avidin- 
eoated  polystyrene  particles  (2pLs)  (Spherotech,  SVP-69-5,  0.5%  w/v,  6.7pm) 
was  added  to  the  biotinylated  area  of  the  glass  cover.  The  sample  was  incubated 
at  room  temperature  for  1  hour,  then  washed  with  lOmL  of  double  distilled  water 
to  remove  the  unbound  avidin-coated  polystyrene  particles.  The  last  step  in  the 
attachment  process  was  the  addition  of  the  biotin  modified  MB  (Trilink,  IpM). 
The  sequence  and  molecular  configuration  of  the  MB  obtained  from  Trilink  is  5’- 
(TAMRA)(C6NH)CCTAGCTTAGGGTTAGGGTTAGGGTTAGGGGC  (Biotin- 
dT)AGG  (DABCYL)  -3’.  The  MB  (3pLs)  was  added  to  the  BSA- 
biotin/streptavidin  surface  and  incubated  at  room  temperature  for  1  hour.  The 
final  wash  consisted  of  lOmL  of  double  distilled  water.  The  sample  was  then 
ready  for  testing.  Unused  samples  were  stored  in  lOmM  PBS  at  4°C  for  future 
use. 
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3.05  Molecular  Beacon  Attachment  to  Avidin-Polystyrene  Particles  on  a  Glass 


Cover  Analysis 

The  attaehment  proeess  was  monitored  at  eaeh  step.  To  aeeomplish  this,  four 
different  glass  eovers  were  produeed  per  batch  utilizing  the  process  described  in 
section  3.04.  Glass  cover  #1  contained  only  BSA-biotin.  Glass  cover  #2 
contained  BSA-biotin  with  the  non- fluorescent  streptavidin  coated  polystyrene 
beads.  Glass  cover  #3  contained  BSA-biotin  with  the  non-fluorescent 
streptavidin  coated  polystyrene  beads  and  the  attached  MB*.  Glass  cover  #4 
contained  BSA-biotin  with  the  non-fluorescent  streptavidin  coated  polystyrene 
beads  with  the  MB  attached,  and  3pLs  of  the  lel3  oligos  per  pL  target 
solution**.  The  target  solution  contained  the  aforementioned  oligo  concentration 
with  5  mM  MgCl2.  The  target  solution  selected  was  the  highest  concentration 
available  outside  the  master  solution.  This  concentration  would  assure  maximum 
binding  to  yield  maximum  fluorescence.  The  concentration  of  MgCl2  utilized 
was  selected  based  on  past  experimental  data  and  what  was  reported  in  the 
literature  (49-51). 

*This  cover  glass  should  show  the  background  fluorescence  of  the  MB  while  FRET  is  taking 
place,  since  FRET  is  not  complete.  **This  cover  glass  should  show  the  total  fluorescence  of  the 
MB  (non-FRET)  when  complexed  with  the  target  oligo. 
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The  microscopy  and  fluorescent  analysis  of  these  samples  was  done  using  the 
Olympus  1X80  confocal  microscope  with  FV300  analysis  software.  A  non- 
treated  glass  cover  was  placed  on  top  of  the  damp  (DDH2O)  treated  glass  cover, 
without  inverting  the  sample.  The  sample  was  analyzed  under  a  60x  oil 
immersion  lens.  Once  the  sample  area  was  identified,  laser  excitation  was 
employed.  The  fifth  setting  (300pm  diameter)  was  selected  for  the  aperture.  The 
dichroic  mirror  in  the  control  box  was  set  to  send  the  entire  emission  fluorescence 
to  channel  1.  The  605  band  pass  emission  filter  was  utilized.  This  filters 
extraneous  light  emissions,  only  allowing  light  with  the  wavelengths  of  575  to 
630  nm  passage  to  the  PMT.  The  screen  view  size  was  set  to  5 12  x  5 12  with 
three  different  views  selected  (channel  1  -  sample  emission,  channel  2  -  DIG, 
view  of  overlay)  and  the  fastest  scan  rate  selected.  The  scan  rate  directly 
correlated  to  picture  resolution  (e.g.  a  slower  rate  yields  higher  resolution).  When 
all  the  filters  were  in  place  and  the  view  was  digitized,  the  PMT  voltage  was  set 
so  that  the  MB  in  the  FRET  state  showed  very  slight  emission.  Once  this  PMT 
voltage  (476v)  was  set,  all  other  samples  were  viewed  with  the  same  parameters. 
Maintaining  the  same  parameters  allowed  comparisons  to  be  made  of  the 
fluorescent  emissions  between  each  sample.  The  only  variable  between  samples 
was  the  focus  depth  of  each  sample.  Digitized  images  were  analyzed  using  the 
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Flow  View  software,  whieh  showed  comparable  quantitative  fluorescence 
intensities. 

3.06  Molecular  Beacon  Attachment  to  Streptavidin  on  a  Glass  Cover 

Cleaning  the  glass  cover  (FISHERfinest,  Premium  cover  glass,  24mm  x 
60mm)  was  the  first  step  in  the  attachment  process.  The  glass  surface  needed  to 
be  cleaned  to  expose  its  hydrophilic  nature.  The  first  wash  sequence  began  with 
two  washes;  each  with  5mL  of  acetone  followed  by  three  5mL  washes  of  ethanol 
(70%)  and  then  washed  with  lOmL  of  double  distilled  water.  The  second  wash 
sequence  began  with  a  5mL  wash  of  2  M  ammonia  hydroxide  followed  by  a 
lOmL  of  double  distilled  water.  The  second  wash  sequence  was  repeated  three 
times.  After  completing  the  last  sequence  of  the  second  wash  compressed  air  was 
used  to  remove  the  visible  water.  Next,  a  5pL  drop  of  biotinylated  bovine  serum 
albumin  (BSA-biotin,  Sigma,  Img/mL,  resuspended  in  20mM  phosphate  buffered 
saline  pH==7.0)  was  pipetted  onto  the  glass  surface.  The  sample  was  left  at  room 
temperature  until  the  liquid  had  evaporated.  This  time  duration  was  dependent  on 
the  humidity  and  temperature  in  the  preparation  area.  After  the  liquid  had 
evaporated  there  was  a  transparent  circle  where  the  BSA-biotin  was  placed.  The 
area  was  washed  with  lOmL  of  double  distilled  water  so  that  all  the  unattached 
BSA-biotin  was  removed.  The  area  of  BSA-biotin  was  very  hydrophilic  and 
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retained  some  of  the  water  with  whieh  it  was  washed.  Two  |aLs  of  streptavidin 
was  added  (Sigma,  Img/mL,  resuspended  in  20mM  phosphate  buffered  saline 
pH=7.0)  to  the  biotinylated  area  of  the  glass  eover.  The  sample  was  ineubated  at 
room  temperature  for  1  hour.  After  ineubation,  the  sample  was  washed  with 
lOmL  of  double  distilled  water  to  remove  the  unbound  streptavidin.  The  last  step 
for  the  attaehment  proeess  was  the  addition  of  the  biotin  modified  MB  (see 
materials  and  methods  seetion  4).  Three  pLs  of  the  MB  was  added  to  the  BSA- 
biotin/streptavidin  surfaee  and  ineubated  at  room  temperature  for  1  hour.  The 
final  wash  eonsisted  of  lOmL  of  double  distilled  water.  The  sample  was  then 
ready  for  testing.  The  unused  samples  ean  also  be  stored  in  lOmM  PBS  at  4°C 
for  future  use. 

Strietly  for  a  referenee,  during  the  attaehment  process  fluorescent  avidin 
coated  polystyrene  beads  (SPHERO  avidin  coated  fluorescent  particles,  nile  red, 
0.7-0. 9pm,  Spherotech  Inc.)  were  added  concurrently  to  the  BSA-biotin  glass 
surface  when  the  purified  streptavidin  was  add.  Since  the  BSA-biotin  is  virtually 
impossible  to  see  under  the  microscope  and  purified  streptavidin  is  problematic, 
this  reference  proved  very  necessary.  These  beads  acted  as  a  confirmation  marker 
and  BSA-biotin  reference  point  for  each  step  of  the  process:  BSA-biotin, 
Streptavidin,  and  MB. 


43 


3.07  Molecular  Beacon  Attachment  to  Streptavidin  on  a  Glass  Cover  Analysis 

The  attachment  process  was  monitored  at  each  step.  To  accomplish  this,  four 
different  glass  covers  were  produced  per  batch,  utilizing  the  process  described  in 
section  5  of  material  and  methods  (pg.  41).  Glass  cover  #1  contained  only  BSA- 
biotin  with  the  reference  fluorescent  avidin  coated  polystyrene  beads.  Glass 
cover  #2  contained  BSA-biotin  with  the  reference  fluorescent  avidin  coated 
polystyrene  beads  and  purified  streptavidin.  Glass  cover  #3  contained  BSA- 
biotin  with  the  reference  fluorescent  streptavidin  coated  polystyrene  beads, 
purified  streptavidin  and  the  attached  MB*.  Glass  cover  #4  contained  BSA- 
biotin  with  the  reference  fluorescent  avidin  coated  polystyrene  beads,  purified 
streptavidin,  the  attached  MB,  and  3|aLs  of  the  1x10  oligos  per  pL  target 
solution**.  The  target  solution  contains  the  aforementioned  oligo  concentration 
with  5mM  MgCl2.  The  target  solution  selected  was  the  highest  concentration 
available  outside  the  master  solution.  This  concentration  was  used  to  obtain 
maximum  binding  corresponding  to  maximum  fluorescence.  The  concentration 
of  MgCl2  utilized  was  selected  partially  on  past  experimental  data  described  in  the 
literature  (49-51). 

*This  glass  cover  showed  the  background  fluorescence  of  the  MB  while  FRET  was 
occurring,  since  FRET  is  not  complete.  **This  glass  cover  showed  the  total  fluorescence  of  the 
MB  (non-FRET)  when  complexed  to  the  target  oligo. 
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The  visual  and  fluorescent  analysis  of  this  sample  was  done  using  the 
Olympus  1X80  confocal  microscope  with  FV300  analysis  software.  A  non- 
treated  cover  slide  was  placed  on  top  of  the  damp  (DDH2O)  treated  glass  cover. 
The  sample  was  not  inverted.  This  sample  analysis  setup  directly  correlated  to 
the  analysis  of  the  fused  silica  capillary  analysis.  The  sample  was  analyzed  under 
60x  oil  immersion  lens.  Using  the  bright  light  source,  a  field  of  interest  was 
found  by  targeting  the  reference  beads.  Once  the  sample  area  was  identified, 
laser  excitation  was  employed.  The  aperture  was  set  to  the  third  setting  (150pm 
diameter).  The  dichroic  mirror  in  the  control  box  was  set  to  send  the  entire 
emission  fluorescence  to  channel  1 .  The  605  band  pass  emission  filter  was 
utilized.  This  filtered  extraneous  light  emissions  only  allowing  light  with  the 
wavelength  of  575  to  630  nm  passage  to  the  PMT.  The  screen  view  size  is  set  to 
512  X  512  with  three  different  views  selected  (channel  1  -  sample  emission, 
channel  2  -  DIG,  view  of  overlay)  and  the  fastest  scan  rate  was  selected.  The 
scan  rate  correlated  directly  to  the  picture  resolution.  When  all  the  filters  were  in 
place  and  the  view  digitized,  the  PMT  voltage  was  set  so  that  the  MB  in  the 
FRET  state  showed  very  slight  emission.  Once  this  PMT  voltage  (466v)  was  set, 
all  other  samples  were  viewed  with  the  same  parameters.  Maintaining  the  same 
parameters  allowed  for  comparison  of  the  fluorescent  emission  between  samples. 
The  only  variable  between  samples  was  the  depth  of  focus  for  each  sample. 
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Depth  of  focus  was  partially  controlled  by  manipulating  the  plane  of  focus  for  the 
reference  beads.  The  other  variable  was  the  relative  smoothness  of  the  glass  and 
the  varying  thickness  of  the  BSA-biotin  layer  which  could  also  affect  signal 
emission. 

Digitized  images  were  analyzed  using  the  Flow  View  software.  This  analysis 
showed  comparable  quantitative  fluorescence  intensities. 

3.08  Preparing  Competent  Cells 

Preparation  of  competent  bacterial  cells  was  done  using  a  procedure  provided 
by  Dr.  Michael  San  Francisco  (Department  of  Biological  Sciences,  Texas  Tech 
University,  Lubbock,  TX).  Healthy  DH5a  Escherichia  coli  cells  (Gibco)  were 
streaked  onto  a  Luria-Bertani  (LB)  (DIFCO,  Luria  -  Bertani  Agar,  Miller  base) 
agar  plate  with  one  loop  of  the  original  cell  culture.  The  manufacturer’s 
directions  were  strictly  followed  for  making  LB  agar.  Agar  was  autoclaved, 
cooled,  and  poured  into  petri  dishes.  The  plates  were  allowed  to  dry  for  24  hours 
and  then  placed  at  4°  C  for  storage.  Aseptic  technique  was  used  throughout  the 
entire  process  to  maintain  a  pure  culture.  The  streaked  plates  were  grown 
overnight  at  37°  C.  A  single  colony  was  extracted  and  inoculated  into  2.0mL  of 
LB  broth  (DIFCO,  Luria  -  Bertani  broth.  Miller  base)  in  a  culture  tube.  The 
sample  was  incubated  at  37°  C  overnight  with  aeration  and  shaking.  Following 
incubation  50pLs,  of  the  2.0mL  culture,  was  inoculated  into  5.0mL  of  LB  in  a 
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culture  tube.  This  eulture  was  ineubated  at  37°  C  for  approximately  2  hours  with 
aeration  and  shaking.  After  this  incubation  the  cells  were  pelleted  at  5000  rpm 
for  30  minutes  at  4°  C.  The  supernatant  was  discarded  and  the  pellet  resuspended 
in  l.OmL  of  ice  eold  50  mM  CaCb.  The  resuspended  cells  were  then  placed  on 
iee  for  forty  five  minutes.  The  eells  were  transferred  into  a  eold  1.5mL  tube  and 
then  eentrifuged  at  13,000g  for  1  minute  at  4°  C.  Next,  the  supernatant  was 
disearded  and  the  pellet  resuspended  in  0.2mL  ice  cold  50mM  CaCl2.  The  sample 
was  plaeed  on  iee  for  30  minutes.  At  this  point  the  eells  were  eompetent,  but  the 
effleieney  of  transformation  increases  with  extended  ineubation  on  iee.  The 
samples  that  were  not  used  immediately  were  stored  at  -70°  C.  To  prepare  the 
cell  for  storage  1-2  drops  of  Dimethyl  sulfoxide  (DMSO)  was  added  to  the  cell 
culture  and  vortexed  briefly  at  a  medium  speed. 

3.09  Transformation  of  Competent  DH5a  E.  coli 

The  procedure  for  transforming  eells  was  provided  by  Dr.  Miehael  San 
Franeiseo  (Department  of  Biological  Sciences,  Texas  Tech  University,  Lubboek, 
TX).  The  pGRN83  (10-20ng,  in  10-25pL  volume)  and  pcDNA3.1  His  C  plasmid 
was  added  to  separate  O.lmL  of  ice  eold  eompetent  cell  cultures.  The  cell 
solutions  were  placed  on  iee  for  40  minutes.  The  eells  were  then  heat  shoeked  in 
a  42°  C  water  bath  for  2  minutes  and  plaeed  on  ice  for  5  minutes.  Next  2.0mL  of 
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LB  broth  (without  selectable  antibiotic)  was  added  to  the  cell  suspension  and 
incubated  for  1  hour  at  37°  C  with  aeration  and  shaking.  The  LB  broth  was  made 
following  the  manufacturer’s  instructions,  autoclaved,  and  stored  at  4°  C.  This 
allowed  the  transformed  cell  to  recover  and  express  the  plasmid-borne  antibiotic 
resistance  gene.  Once  the  recovery  took  place  the  cells  were  aliquoted  into  an 
ampicillin-antibiotic  media.  The  media  composition  consisted  of  LB  broth  with 
lOOug/mL  of  ampicillin.  This  media  selected  for  the  cells  that  were  both 
transformed  and  had  plasmid  production. 

3.1  Plasmid  Extraction  and  Plasmid  Transcription  Preparation 

The  QIAprep  miniprep  plasmid  extraction  kit  was  used  for  the  plasmid 
extraction  procedure  (Qiagen,  QIAprep  miniprep  kit,  27104).  The  QIAprep  spin 
miniprep  kit  protocol  using  a  microcentrifuge  was  followed  with  no 
modifications. 

Once  the  plasmids  were  extracted,  each  sample  was  analyzed  for  DNA 
quantity  and  purity  using  a  NanoDrop  1000  spectrophotometer  (NanoDrop  Inc. 
Delaware,  MA).  After  determining  DNA  quantity,  each  sample  was  placed  in  a 
restriction  enzyme  reaction  mix  to  verify  proper  plasmid  extraction.  The 
pGRN83  plasmid  [cccDNA  (covalently  closed,  circular  DNA),  which  contains 
hTR  cDNA]  is  3558bp  in  length  and  when  digested  with  Bstx  1  (Fisher 
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BioReagents,  BP3340-1)  is  linearized.  The  peDNA3.1  His  C  plasmid  (ceeDNA, 
whieh  eontains  hTERT  cDNA)  is  9565bp  in  length  and  when  digested  with 
ECOR I  (Promega,  R601 1)  forms  two  fragments,  4065bp  and  5500bp.  These 
digested  plasmids  along  with  the  uneut  eeeDNA  were  run  on  a  1 .2%  agarose  gel 
(BIORAD,  161-301)  with  ethidium  bromide  (Sigma- Aldrieh,  E7637,  800ng/pE) 
in  0.5X  Tris-Borate-EDTA  running  buffer  (Sigma,  T-6400,  5X  TBE)  to 
determine  proper  plasmid  extraction.  These  samples  were  run  in  conjunction  with 
a  1Kb  DNA  ladder  (Invitrogen,  15615-016)  to  verify  plasmid  products. 

After  confirmation  and  quantity  assessments,  a  larger  quantity  of  pGRN83 
plasmid  was  cut  with  Bstx  1  to  provide  a  proper  stopping  point  during  the 
transcription  assay.  This  would  supply  the  hTR  mRNA  at  the  proper  length  for 
integration  into  hTERT  and  allow  for  correct  telomerase  activity.  The  restriction 
enzyme  assay  was  scaled  up  so  that  4pg  of  pGRN83  plasmid  would  be  digested  in 
one  reaction,  according  to  manufacturer’s  instructions.  After  the  cleavage,  DNA 
was  extracted  using  2  volumes  95%  ethanol  and  0.1  volumes  3M  sodium  acetate. 
The  solution  was  “finger  thumped”  several  times,  placed  at  -20°C  for  30  minutes 
to  promote  DNA  precipitation,  and  then  centrifuged  at  13,000  rpm  for  30 
minutes.  The  supernatant  was  removed  and  the  DNA  pellet  was  washed  with 
70%  ethanol  and  left  to  dry  for  5  minutes.  The  DNA  was  resuspended  using  8  pE 
of  the  EB  (1  OmM  Tris-Cl,  pH  8.5)  buffer  provided  in  the  Qiagen  plasmid 
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extraction  kit.  The  pcDNAS.l  His  C  had  a  stop  sequence  at  the  terminal  end  of 
the  transcript  for  correct  transcript  length.  The  plasmids  were  then  ready  for  the 
transcription  and  translation  reaction. 

3.11  Transcription  and  Translation  of  Telomerase  and  Sample  Preparation 

The  transcription  -  translation  reaction  for  the  pcDNA  3.1  His  C  plasmid  was 
achieved  using  Ambion’s  PROTEINscripII  T7  promoter  (Ambion,  1280-127). 
Similarly,  transcription  of  the  pGRN83  was  achieved  using  Ambion’s 
PROTEINscripII  T7  promoter  (Ambion,  1280-127).  Manufacturer’s  instructions 
were  followed,  except  that  translation  was  not  performed. 

A  separate  transcription  -  translation  reaction  was  performed  in  which  both 
plasmids  were  included,  otherwise  following  the  manufacturer’s  protocol.  Since 
both  products  were  co-produced,  telomerase  was  reconstituted  in  this  reaction  and 
no  additional  reaction  had  to  be  performed  to  reconstitute  telomerase.  The  end 
product  was  diluted  1:40  with  CHAPS  lysis  buffer  and  stored  at  -20°C. 

3.12  Reconstitution  of  Telomerase  and  Sample  Preparation 

Since,  hTR  and  hTERT  were  produced  in  two  separate  transcription  and 
translation  reactions,  they  must  be  reconstituted  in  a  separate  reaction.  The  in 
vitro  reconstitution  of  telomerase  brings  the  two  independently  made  components 
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(hTERT,  hTR)  together  to  form  telomerase.  This  reaetion  was  performed  as 
previously  deseribed  (21,56).  Briefly,  0.2pL  hTERT  translation  reaetion,  0.5pE 
tiTR  transcription  reaction,  0.4pE  lOx  buffer  (200mM  HEPES  pH  7.6,  500mM 
KCl,  0.1%  NP40,  lOmM  MgCl2,  lOmM  EGTA,  DEPC  treated  water),  2pE  fresh 
RRE,  and  0.9pE  DEPC  treated  water  were  mixed.  The  reaction  was  incubated  at 
30°C  for  90  minutes  and  stored  at  -20°C  for  future  use.  After  incubation,  36pEs 
of  CHAP S  { 3 - [(3 -Cholamidopropyl)dimethylammonio] - 1  -propane sulfonate } 
lysis  buffer  was  added  to  dilute  the  PCR  inhibitors  (21,56).  The  hTERT 
translation  reaction  was  then  prepared  for  sample  analysis.  This  sample 
preparation  followed  the  same  dilution  as  the  reconstituted  telomerase.  The  only 
difference  was  the  addition  of  0.5pE  hTR  transcription  reaction,  which  was 
substituted  for  CHAPS  lysis  buffer.  The  hTR  transcription  reaction  sample  was 
prepared  in  the  same  manner  as  the  hTERT  sample,  but  the  hTERT  volume  was 
substituted  with  CHAPS  lysis  buffer. 

3.13  Telomerase  Sample  Analysis  using  the  TRAPeze  Kit 

Analysis  of  telomerase  activity  (Chemicon  International,  Temecula,  CA, 
S7700,  TRAPeze  Telomerase  Detection  Kit)  followed  the  manufacturer’s 
directions  with  the  additional  utilization  of  the  hot  start  protocol  located  in  the 
troubleshooting  portion  of  the  user  manual  (pg.  23).  The  single  modification 
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performed,  involved  the  proeess  used  to  label  the  polymerase  ehain  reaction 
(PCR)  product  with  radio  isotopic  [a-  P]-Deoxycytidine  5 '-triphosphate 
(PerkinElmer,  BLU513H250UC).  Incorporation,  not  end-labeling  the  TS  primer, 
was  applied  as  suggested  by  the  manufacturer’s.  Two  microliters  of  each  sample 
were  utilized  to  determine  telomerase  activity.  The  PCR  products  were  analyzed 
on  a  12.5%  acrylamide  [40%  acrylamide/bis  solution  (29:1),  BIORAD,  161-0144] 
PAGE  gel.  The  acrylamide  gel  was  run  at  300v  for  two  hours,  and  fixed  in  a 
solution  consisting  of  5M  NaCl,  2M  NaOAc,  95%  ethanol,  in  water,  for  thirty 
minutes.  After  the  gel  was  fixed,  it  was  incubated  in  DDH2O  for  five  minutes  to 
remove  residual  NaOAc.  The  gel  was  then  dried  on  a  BIORAD  gel  air  drying 
system  (cat#  165- 1771).  The  dried  gel  was  exposed  to  a  BIORAD  imaging  screen 
(cat#  170-7320)  and  incubated  overnight.  The  plate  was  removed  from  the 
incubator  and  analyzed  using  Molecular  Analysis  software  version  2.0. 

3.14  Molecular  Beacon  Bench-Top  Assay  Analysis  of  Reconstituted  and  Co- 
Transcription/  Translation  Telomerase 

The  reconstituted  telomerase  along  with  the  co-transcription  and  translation 
products  and  the  separate  components  were  analyzed  using  the  MB  bench-top 
assay.  The  controls  during  this  experiment  were:  solution,  blank,  and  51mM 
RRE.  In  the  reconstituted  telomerase,  co-transcribed  telomerase  and  hTERT 
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samples,  51mM  was  the  eoneentration  ealeulated  for  RRL.  This  eoneentration 
was  added  baek  into  a  test  sample  in  order  to  delineate  the  protein  binding 
baekground  from  true  signal.  The  hTR  transeript  sample  never  went  through 
translation,  therefore  RRL  was  never  added  to  the  reaetion  mix.  The  5  ImM  RRL 
sample  showed  the  protein  binding  baekground  relevant  to  the  test  samples.  The 
assay  eomponents  utilized  for  this  experiment  were  as  follows:  20mM  Tris-HCl 
pH  8.3,  63mM  KCl,  L5mM  MgCli,  125nM  Rox  Dye,  200nM  MB,  and  DDH2O, 
for  a  total  volume  of  48|aLs.  The  sample  volume  was  2pLs.  These  samples  were 
analyzed  in  the  80°C  -  10°C  -  80°C  seheme,  in  5  degree  inerements  by  the  ABI 
Prism  7000. 

3.15  Moleeular  Beaeon  Telomerase  Beneh-Top  Assay  Analysis  of  Cell  Protein 
Extraets 

Total  protein  extraets  from  various  eell  lines  were  analyzed  using  the  MB 
(MB)  beneh-top  assay.  The  assay  eomponents  for  this  analysis  were  as  follows: 
20mM  Tris-HCl  pH  8.3,  63mM  KCl,  1.5mM  MgCl2,  125nM  Rox  Dye,  200nM 
MB,  and  DDH2O,  for  a  total  volume  of  46pL  (in  the  ease  of  a  eell  protein  extraet 
sample)  or  48pL  (for  eontrol  samples).  There  were  four  eontrols  for  this 
experiment:  solution,  blank,  DNA  eontrol,  and  RRL  eontrol.  The  solution  sample 
eontained  all  the  eomponents  exeept  the  MB,  and  therefore  provided  a  base 
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reading  of  the  Rox  referenee  dye  and  FAM  fluorophore  sinee  none  were  present 
in  the  sample.  The  blank  eontained  all  the  eomponents  with  water  added  in  plaee 
of  an  experimental  sample  volume.  This  eontrol  should  show  the  moleeular 
beaeon’s  natural  ehange  in  its  thermodynamie  state  when  eyeled  through  the 
temperature  range  utilized  in  this  experiment.  The  DNA  eontrol  eontains  a 
speeific  target  oligo  at  a  eoncentration  of  4el0  eopies/pL,  all  other  components 
remained  the  same.  This  control  showed  two  specific  criteria  essential  for  this 
experiment.  The  first  criterion  demonstrated  that  the  MB  was  functioning 
properly  as  described  in  the  literature.  The  second  criterion  involved  the 
molecular  beacon’s  thermodynamic  nature,  in  the  presence  of  a  substance.  The 
MB  changed  into  its  linear  confirmation  (non-FRET).  The  RRL  control 
contained  all  the  components;  however,  2pLs  of  ImM  RRL  was  also  added  to 
determine  the  baseline  of  the  protein  reaction  that  would  take  place  in  the  cell 
protein  extract  samples. 

The  protein  extracts  utilized  in  this  analysis  were  obtained  from  samples 
assayed  using  TRAP  by  Dr.  Lauren  Gollahon  in  1995.  These  samples  were 
stored  at  -80°C  for  ~10  years.  Two  microliters  of  each  extract  were  utilized  in  the 
bench-top  analysis.  These  samples  were  accompanied  by  2pL  ImM  RRL  to 
complete  the  sample  preparation. 
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The  samples  were  “finger  thumped”  and  briefly  eentrifuged  to  eollect  all  the 
solution  at  the  bottom  of  the  sample  tube.  Eaeh  sample  was  then  transferred  by 
pipette  to  the  optical  tubes  and  optical  caps  were  put  in  place.  The  optical  tubes 
were  then  centrifuged  to  make  sure  no  bubbles  remained  in  the  sample  solutions 
and  that  all  the  solutions  were  at  the  bottom  of  the  tubes.  Then  the  samples  were 
analyzed  with  the  ABI  Prism  7000. 

3.16  Cell  Lines  Used  for  Testing  the  Efficacy  and  Sensitivity  of  Telomerase 
Capture  Using  a  MB  Strategy 

All  cell  lines  consisted  of  primary  cultures  established  in  affiliation  with  Dr. 
Gollahon’s  postdoctoral  research  at  UT  Southwestern  Medical  Center,  Dallas, 
TX.  The  cell  lines  utilized  were  as  follows: 

Telomerase  Negative  Cell  Lines 

Patient  # _ Sample  # _ Description _ 

HME  50  #86  -  Mammary  epithelial  cell  line  established  from  tissue 

obtained  from  a  patient  with  Li-Fraumeni  Syndrome 
(germline  p53  mutation).  This  cell  line  later 
spontaneously  immortalized  (13). 
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HME  50-8  #96  -  A  clone  from  the  parent  eulture  HME  50.  This  elone 

never  spontaneously  immortalized.  It  remained 
telomerase  negative. 

HME  31  #100  -  Primary  eell  eulture  established  from  a  patient 

undergoing  radieal  masteetomy  for  breast  eancer. 
Normal  tissue  was  taken  outside  the  area  of 
reseetion. 

HME  52-7  #103  -  Clonol  outgrowth  of  a  primary  eell  eulture  obtained 

from  a  patient  with  a  heritable  mutation  in  BrCa  II. 

Telomerase  Positive  Cell  Eines 

Patient  # _ Sample  # _ Deseription _ 

HME  3 1  E6/E7  #8 1  -  This  eell  line  was  established  by  introducing  a 

defective  retrovirus  eontaining  Human 
Papillomavirus  type  1 6  early  genes  (E6  and  E7)  to 
the  HME  3 1  eells  previously  described  (#100).  This 
infeetion  resulted  in  re-expression  of  telomerase  and 
immortalization. 

HME  32  (273)- 1  #104  -  Human  mammary  epithelia  eell  line  derived  from  a 

patient  who  underwent  reduetion  mammoplasty. 

The  normal  diploid  eell  line  was  transfeeted  with  a 
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construct  containing  p53  mutated  at  exon  273. 
This  eonstmet  eonferred  immortality  (9). 


EC-2 


EC-2  37°C 


EC-2  32°C 


#144  -  Clone  of  HT  1299  a  non-small  cell  lung  careinoma 
obtained  from  a  patient  with  lung  caneer. 

#147  -  Clone  derived  from  HT  1299  transfeeted 

with  p53  mutant  143  which  retains  the  mutant 
phenotype  when  plaeed  at  37°C.  Cells  were 
eollected  at  37°C,  tested  strongly  for  telomerase,  but 
the  exogenous  p53  retained  the  mutant 
eonformation.  This  eell  line  demonstrated  more 
intense  telomerase  signal  than  the  32°C  as 
determined  by  the  semi-quantitative  TRAP  assay 
(Dr.  Gollahon  unpublished  results). 

#149  -  Clone  derived  from  HT  1299  transfected 

with  p53  mutant  143  whieh  confers  a  wild  t  ype 
phenotype  when  plaeed  at  32°C.  Cells  were 
collected  at  32°C,  tested  strongly  for  telomerase,  but 
had  some  wild  type  p53  expression,  determined  by 
immunopereipitation  (Dr.  Gollahon,  unpublished 
data). 
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CHAPTER  IV 


RESULTS 

4.1  Fluorescent  Characterization  of  the  FAM  Labeled  Molecular  Beacon 

The  fluorescent  and  thermodynamic  characteristics  of  the  MB  in  a  known 
chemical  solution,  at  a  given  temperature,  being  analyzed  by  a  specific 
fluorescent  reader,  are  all  vital  to  assay  development.  These  characteristics  along 
with  MB  concentrations  were  tested  in  an  ABI  Prism  7000.  The  concentrations 
that  were  tested  were  1.2el  1  MB  copies/pL  (200nM),  9.04el0  MB  copies/pL 
(150nM),  6.02el0  MB  copies/pL  (lOOnM),  S.OlelO  MB  copies/pL  (50nM).  This 
range  of  concentrations  helped  determine  the  optimal  concentration  at  which  the 
assay  would  be  developed.  The  different  concentrations  would  be  tested  with 
serial  dilutions  of  target  oligo  to  determine  the  detection  limits  for  each  and 
relative  sensitivity  within  those  limits. 

The  indicated  concentrations  show  a  wide  range  of  detection  limits  from  4e8 
oligos/pL  (0.332nM)  to  4ell  oligos/pL  (332.0nM)  (Figures  10-13). 
Concentrations  below  4e8  oligos/pL  were  undetectable  and  above  4el  1  oligos/pL 
were  not  tested  due  to  concentration  constraints  of  the  master  oligo  solution. 

Each  molarity  showed  unique  individual  fluorescent  activity  for  the  indicated 
temperature  range.  These  individual  responses  to  the  target  oligo  concentration 
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were  similar  for  eaeh  eoncentration,  but  different  in  direet  eorrelation  to  the 
increase  in  MB  concentration  (Figure  10-13). 

The  overall  MB  pattern  during  these  experiments  was  constant.  When  the 
solution  was  held  at  higher  temperatures  the  random  coil  conformation  was 
present  (partial  FRET).  When  the  temperature  decreased  the  MB  random  coil 
confirmation  was  reconfigured  into  the  linear  conformation  (MB/target  oligo, 
non-FRET).  When  the  temperature  of  the  solution  reached  the  optimal  annealing 
temperature  ~25°C  the  maximum  fluorescent  value  was  obtained.  When  the 
temperature  decreased  below  the  optimal  annealing  temperature  the  MB  changed 
its  conformation  back  to  the  stem-loop  formation  (FRET). 

The  1.2el  1  MB  copies/pE  (200nM)  solution  was  selected  to  continue  assay 
development,  because  this  concentration  showed  the  greatest  range  of  detection 
with  limited  effects  from  increased  background  due  to  increased  numbers  of 
molecular  beacons.  It  also  had  the  best  workable  detection  range  of  the  four 
different  MB  concentrations. 
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Molecular  Beacon  Molarity  Comparison  with  4e8  Oligos/pL 
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Figure  10.  Molecular  Beacon  Molarity  Comparison  with  4e8  Oligos/pL. 

The  X  axis  is  temperature  in  °C  and  the  Y  axis  is  relative  fluorescence.  The  graph  depicts  four  different  MB  molarities  with 
each  molarity  having  two  test  samples.  The  first  sample  for  each  molarity  is  a  blank  which  only  contains  the  MB  and  shows 
the  thermodynamic  nature  of  the  molecular  beacon  with  no  target  present.  The  second  sample  for  each  molarity  has  the  target 
oligo  added  and  shows  the  linear  confirmation  of  the  molecular  beacon  for  that  target  concentration. 


Molecular  Beacon  Molarity  Comparison  with  4e9  Oligos/pL 
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Figure  1 1 .  Molecular  Beacon  Molarity  Comparison  with  4e9  Oligos/pL. 

The  X  axis  is  temperature  in  °C  and  the  Y  axis  is  relative  fluorescence.  The  graph  depicts  four  different  MB  molarities  with 
each  molarity  having  two  test  samples.  The  first  sample  for  each  molarity  is  a  blank  which  only  contains  the  MB  and  shows 
the  thermodynamic  nature  of  the  molecular  beacon  with  no  target  present.  The  second  sample  for  each  molarity  has  the  target 
oligo  added  and  shows  the  linear  confirmation  of  the  molecular  beacon  for  that  target  concentration. 


Molecular  Beacon  Molarity  Comparison  with  4el0  Oligos/pL 
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The  X  axis  is  temperature  in  °C  and  the  Y  axis  is  relative  fluorescence.  The  graph  depicts  four  different  MB  molarities 
each  molarity  having  two  test  samples.  The  first  sample  for  each  molarity  is  a  blank  which  only  contains  the  MB  and 
shows  the  thermodynamic  nature  of  the  molecular  beacon  with  no  target  present.  The  second  sample  for  each  molarity  has 
the  target  oligo  added  (2el2  copies)  and  shows  the  linear  confirmation  of  the  molecular  beacon  for  that  target 
concentration. 


Molecular  Beacon  Molarity  Comparison  with  4el  1  copies/pL 
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The  X  axis  is  temperature  in  °C  and  the  Y  axis  is  relative  fluorescence.  The  graph  depicts  four  different  MB  molarities  each 
molarity  having  two  test  samples.  The  first  sample  for  each  molarity  is  a  blank  which  only  contains  the  MB  and  shows  the 
thermodynamic  nature  of  the  molecular  beacon  with  no  target  present.  The  second  sample  for  each  molarity  has  the  target 
oligo  added  and  shows  the  linear  confirmation  of  the  molecular  beacon  for  that  target  concentration. 


4.2  Molecular  Beacon  Attachment  to  Avidin  Coated  Polystyrene  Particles  on  a 


Glass  Cover 

The  utilization  of  larger  partieles  to  propagate  the  moleeular  attaehment 
proeess  of  the  MB  allows  for  ease  of  visual  eharaeterization,  preliminary 
fluoreseent  eharaeteristies,  and  attaehment  protoeol  familiarity.  The  attaehment 
protoeol  required  several  steps,  but  the  only  step  that  did  not  involve  biotin- 
streptavidin  interaetions  [binding  eonstant  1.0el5  M  '  (27)]  was  the  BSA-biotin 
binding  to  the  glass  surfaee.  The  BSA-biotin  binding  is  dependent  on  the  glass 
surfaee’s  ehemistry.  The  greater  the  number  of  hydroxyl  groups  present  on  the 
surfaee  of  the  glass,  the  stronger  the  binding  of  the  BSA-biotin  or  the  greater 
number  of  BSA-biotin  bonds.  Data  were  eolleeted  during  the  entire  attaehment 
proeess  when  visual  eharaeteristies  eould  be  evaluated.  The  attaehment  of  the 
BSA-biotin  alone  eould  not  be  deteeted  by  eonfoeal  mieroseopy  beeause  there 
were  no  fluoreseent  eharaeteristies.  However,  with  the  human  eye  a  small 
transparent  eirele  eould  be  seen.  This  eirele  of  BSA-biotin  also  interaeted 
differently  with  water  than  did  the  glass  surfaee.  After  washing  the  eover  slip 
with  water  to  rinse  off  any  unattaehed  BSA-biotin,  the  water  would  bead  up  on 
the  BSA-biotin  deposited  eirele.  The  attaehment  of  the  non-fluoreseent  avidin 
eoated  polystyrene  partieles  eould  be  visualized  by  eonfoeal  mieroseopy  and 
normal  bright  field  mieroseopy.  These  partieles  have  no  fluoreseent 
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characteristics  (Figure  14A),  but  the  differential  interferenee  eontrast  (DIC) 
ehannel  of  the  eonfoeal  eould  be  used  to  deteet  them  (Figure  14B).  The  overlay 
of  the  fluoreseent  image  and  the  DIC  image  eo-loealizes  the  fluoreseent 
properties  of  the  partieles  with  the  partieles  themselves  (Figure  14C).  The  linear 
fluoreseent  analysis  of  a  partiele  using  FlowView  300  software  was  used  to 
determine  its  relative  fluoreseence  and  DIC  intensity  (Figure  15).  The  pietures’ 
eolor  does  not  represent  the  aetual  emission  by  the  speeimen.  The  eolor  utilized 
in  the  eonfoeal  pictures  is  superimposed  by  the  FlowView  300  software  and  ean 
be  ehanged  to  any  eolor. 

The  next  step  of  the  attaehment  protoeol  was  the  addition  of  the  MB  to  the 
avidin  eoated  beads.  This  sample  showed  baekground  fluoreseenee  attributed  to 
ineomplete  FRET  of  the  fluorophore  by  the  quencher  (Figure  16A).  The  ability  to 
visualize  the  beads  using  DIC  (Figure  16B)  and  eo-loealize  the  fluoreseenee  with 
individual  beads  using  the  overlay  (Figure  16C)  showed  the  fluoreseent 
eharaeteristies  of  the  MB  (in  the  FRET  eonfiguration)  when  attaehed  to  the  beads. 
The  linear  fluoreseent  analysis  of  a  partiele  using  FlowView  300  software 
determined  its  relative  fluoreseenee  and  DIC  intensity  (Figure  17).  The  DIC 
intensity  of  this  sample  eorrelated  with  the  DIC  intensity  of  the  previous  sample. 
The  fluorescent  intensity  of  this  sample  (MB,  FRET)  is  signifieantly  higher  than 
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the  previous  sample  with  the  avidin  eoated  beads  without  the  MB  attaehed 
(Figure  14). 

The  attachment  protocol  was  completed  at  this  point,  but  the  analysis  of  the 
MB  in  the  linear  conformation  still  needs  to  be  examined.  The  target  solution 
was  added  to  the  MB  coated  polystyrene  beads  attached  to  the  glass  surface  for 
analysis.  The  analysis  showed  a  significant  increase  in  fluorescence  (Figure 
18A)  which  co-localized  (Figure  18C)  to  the  MB  coated  polystyrene  beads 
utilizing  the  DIC  image  (Figure  18B).  The  linear  fluorescent  analysis  of  a  particle 
using  FlowView  300  software  determined  its  relative  fluorescence  and  DIC 
intensity  (Figure  19).  The  DIC  intensity  of  this  sample  correlate  to  the  DIC 
intensity  of  the  previous  two  samples.  The  fluorescent  intensity  of  this  sample 
(MB,  non-FRET,  linear  confirmation)  was  significantly  higher  than  the  previous 
sample  with  the  avidin  coated  beads  with  the  MB  attached  (FRET,  Stem-loop 
confirmation). 

The  analysis  of  the  MB  attached  to  the  non-fluorescent  avidin  coated 
polystyrene  beads  bound  to  a  glass  surface  via  BSA-biotin,  builds  a  strong 
foundation  for  further  experiments  replacing  the  beads  with  molecular 
streptavidin,  and  ultimately  the  target  oligonucleotide  with  the  target  protein  - 
telomerase. 
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Figure  14. 
Representative 
digitized  eonfoeal 
pieture  of  non- 
fluoreseent  avidin 
eoated  polystyrene 
beads.  (A)  Fluoreseent 
ehannel,  (B)  DIC 
ehannel,  (C)  Overlay 
of  ehannels  A  and  B. 
Magnifieation  is  60x, 
bead  size  is  6.7pm. 


Figure  15.  Linear 
fluoreseent  analysis 
of  representative 
non-fluoreseent 
avidin  eoated 
polystyrene  beads 
(Figure  14).  X  axis 
is  position  in 
mierometers  and  Y 
axis  is  measured 
fluoreseenee 
intensity.  Green  line 
-  relative  fluoreseent 
intensity.  Red  line  - 
relative  intensity  of 
the  differential 
interferenee  eontrast 


(DIC) . 
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Intensity  () 


Figure  16. 
Representative 
digitized  eonfoeal 
pieture  of  non- 
fluoreseent  avidin 
eoated  polystyrene 
beads  and  attaehed 
moleeular  beaeon. 
(A)  Fluoreseent 
ehannel,  (B)  DIC 
ehannel,  (C) 

Overlay  of  channels 
A  and  B. 

Magnification  is  60x, 
bead  size  is  6.7pm. 


Figure  17.  Linear 
fluorescent  analysis  of 
the  representative  non- 
fluorescent  avidin 
coated  polystyrene 
beads  and  attached 
molecular  beacon 
(Figure  16).  X  axis  is 
position  in 
micrometers  and  Y 
axis  is  measured 
fluorescence  intensity. 
Green  line  -  relative 
fluorescent  intensity. 
Red  line  -  relative 
intensity  of  the 
differential 
interference  contrast 
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Figure  18. 
Representative 
digitized  eonfoeal 
pieture  of  non- 
fluoreseent  avidin 
eoated  polystyrene 
beads,  attached 
molecular  beacon, 
and  target  oligo 
added.  (A) 
Fluorescent  channel, 

(B)  Die  channel, 

(C)  Overlay  of 
channels  A  and  B. 
Magnification  is  60x, 
bead  size  is  6.7|am. 


Figure  19.  Linear 
fluorescent  analysis 
of  the  representative 
non-fluorescent 
avidin  coated 
polystyrene  beads, 
attached  molecular 
beacon,  and  target 
oligo  added  (Figure 
18).  X  axis  is 
position  in 
micrometers  and  Y 
axis  is  measured 
fluorescence 
intensity.  Green  line 
-  relative  fluorescent 
intensity.  Red  line  - 
relative  intensity  of 
the  differential 
interference  contrast 


(DIG) 
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4.3  Molecular  Beacon  Attachment  to  Molecular  Streptavidin  on  a  Glass  Cover 
To  gain  a  better  understanding  of  the  visual  eharaeteristies  of  the  attaehed 
MB,  its  fluoreseent  eharaeteristies,  and  sueeess  of  attachment  protocol  that  were 
performed  in  the  previous  set  of  experiments,  a  more  in-depth  study  of  the 
process  utilizing  molecular  streptavidin  was  needed.  The  utilization  of 
streptavidin  increased  the  number  of  MB  bound  to  the  surface  of  the  glass  while 
decreasing  the  likelihood  of  washing  the  molecules  away  during  preparation  and 
sample  analysis.  Data  were  collected  during  the  entire  attachment  process  when 
visual  and  fluorescent  characteristics  could  be  evaluated.  The  attachment  of  the 
BSA-biotin  by  itself  is  undetectable  by  confocal  microscopy  because  it  had  no 
fluorescent  characteristics.  To  detect  the  BSA-biotin,  fluorescently  labeled 
avidin  coated  polystyrene  beads  (0.6pm)  were  attached  as  a  visual  reference  only. 
The  conjugated  fluorophore  was  nile  red  (excitation  550nm,  emission  650nm). 
These  fluorescent  particles  were  detected  using  the  same  fluorescent  channel  that 
was  used  to  detect  the  MB  (Figure  20A).  These  particles  were  also  detected  by 
the  differential  interference  contrast  (DIC)  channel  of  the  confocal  microscope 
(Figure  20B).  The  overlay  of  the  fluorescent  image  and  the  DIC  image  co¬ 
localized  the  fluorescent  properties  of  the  particles  with  the  particles  themselves 
(Figure  20C). 
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The  next  step  in  the  attaehment  protocol  was  the  addition  of  the  streptavidin  to 
the  BSA-biotin  coated  surface.  This  sample  showed  that  the  streptavidin  has  no 
fluorescent  characteristics  within  the  wavelengths  that  were  being  examined 
(Figure  21  A)  and  no  detectable  DIC  image  (Figure  2 IB). 

Following  this  step,  the  modified  MB  was  incubated  with  the  streptavidin 
coated  glass  cover.  This  sample  showed  background  fluorescence  attributable  to 
incomplete  FRET  of  the  fluorophore  by  the  quencher  (Figure  22 A).  The  linear 
fluorescent  analysis  of  a  particle  using  FlowView  300  software  determined  its 
relative  fluorescence  and  DIC  intensity  (Figure  23).  The  fluorescent  color 
observed  in  the  figures  does  not  represent  the  actual  emission  by  the  specimen. 
The  color  utilized  in  the  confocal  pictures  is  superimposed  by  the  FlowView  300 
software  and  can  be  changed  to  any  color. 

The  attachment  protocol  was  completed  at  this  point,  but  the  analysis  of  the 
MB  in  the  linear  conformation  still  needed  to  be  examined.  The  target  solution 
was  added  to  the  MB-streptavidin  bridge  attached  to  the  glass  surface  for 
analysis.  The  analysis  showed  a  significant  increase  in  fluorescence  intensity 
(Figure  24A).  The  linear  fluorescent  analysis  of  a  particle  using  FlowView  300 
software  determined  its  relative  fluorescence  and  DIC  intensity  (Figure  25).  The 
fluorescent  intensity  of  this  sample  (MB,  non-FRET,  linear  conformation)  was 
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significantly  higher  than  the  previous  sample  with  the  moleeular  streptavidin  with 
the  MB  attached  (FRET,  Stem-loop  eonformation). 

During  the  analysis  of  these  samples  it  was  noted  that  photobleaching  was 
taking  plaee  when  the  laser  was  continually  focused  on  smaller  fields  of  view  for 
eloser  analysis  (Figure  26).  This  photo  bleaehing  further  confirms  the  presenee  of 
a  fluorophore  and  that  fluorophore  was  attached  to  the  surface  of  the  glass. 
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Figure  20. 

Representative 

digitized 

microscopy  image 
of  BSA-Biotin 
bound  to  the  glass 
surface. 

Fluorescent  avidin 
coated  polystyrene 
beads  were  used  as 
a  visual  reference. 
(A)  Fluorescent 
channel,  (B)  DIC 
channel,  (C) 
Overlay  of 
channels  A  and  B. 
Magnification  60x, 
bead  size  0.6pm 


A 

B 

Figure  21. 
Representative 
digitized  micrograph 
image  of  molecular 
streptavidin  bound  to 
the  BSA-Biotin 
modified  glass  surface. 
Fluorescent  avidin 

coated  polystyrene 
beads  were  used  as  a 
visual  reference.  (A) 
Fluorescent  channel, 
(B)  DIC  channel,  (C) 
Overlay  of  channels  A 
and  B.  Magnification 
60x,  bead  size  0.6pm 

c 

i  w.&im  i 
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Figure  22.  Representative  digitized  microscopy  image  of  the 
molecular  beacon  (FRET)  attached  to  the  streptavidin  on  the  glass 
surface.  Fluorescent  avidin  coated  polystyrene  beads  were  used  as  a 
visual  reference.  (A)  Fluorescent  channel,  (B)  DIG  channel. 
Magnification  60x,  bead  size  0.6pm 


Figure  23.  Linear 
fluorescent  analysis  of 
the  representative 
molecular  beacon 
attached  to  the 
molecular  streptavidin 
coated  onto  a  glass 
surface  (Figure  22).  X 
axis  is  position  in 
micrometers  and  Y  axis 
is  measured 
fluorescence  intensity. 
Green  line  -  relative 
fluorescent  intensity. 
Red  line  -  relative 
intensity  of  the 
differential  interference 
contrast  (DIG). 
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Figure  24.  Representative  digitized  microseopy  image  of  the  MB  (non- 
FRET)  attached  to  the  streptavidin  bound  to  the  glass  surface. 
Fluorescent  avidin  coated  polystyrene  beads  were  used  as  a  visual 
reference.  (A)  Fluorescent  channel,  (B)  DIG  channel.  Magnification 
60x,  bead  size  0.6pm 


Figure  25.  Linear 
fluorescent  analysis  of 
the  representative 
molecular  beacon 
attached  to  the 
molecular  streptavidin 
coated  on  a  glass  surface 
(Figure  24).  X  axis  is 
position  in  micrometers 
and  Y  axis  is  measured 
fluorescences  intensity. 
Green  line  -  relative 
fluorescent  intensity. 
Red  line  -  relative 
intensity  of  the 
differential  interference 
contrast  (DIG) 
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Figure  26.  Photobleaching  caused  by  an  increased  in  laser  intensity  when 
focused  on  a  consecutively  smaller  fields  of  view.  (A)  Fluorescent  channel, 
(B)  Die  channel 
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4.4  Plasmid  Extraction  and  Transcription/  Translation  Preparation 
Plasmids  were  purified  and  extracted  as  discussed  earlier  (Reference  section  3.1) 
and  were  analyzed  using  a  NanoDrop®  ND-1000  UV-Vis  spectrophotometer  to 
determine  DNA  purity  and  concentration  (Table  1).  Pure  DNA  has  a  260/280 
ratio  of  1.8.  The  plasmids  were  run  on  a  1.2%  agarose  gel  to  determine  proper 
extraction.  Lane  A  of  the  gel  contained  the  1Kb  DNA  ladder  which  allowed  for 
estimated  measurements  of  each  samples  size  in  base  pairs  (Figure  27A).  Lane  B 
contained  the  pGRN83  (hTR)  plasmid  cut  with  Bstx  1  single  restriction  site 
linearizing  the  plasmid  (Figure  27B,  3558  bp).  Lane  C  contained  the  uncut 
pGRN83  (Figure  27C).  The  uncut  plasmid  was  nicked  and  therefore  migrated  at 
a  slower  rate  due  the  topology  of  the  plasmid.  If  the  plasmid  was  still  in  the 
cccDNA  (covalently  closed,  circular  DNA)  configuration  it  would  migrate  at  a 
faster  rate  than  the  digested  plasmid  (55).  Lane  D  contained  pcDNA  3.1/His  C 
(hTERT)  plasmid  cut  with  EcoR  I  which  has  two  restriction  sites  which  produced 
two  linear  fragments  (Figure  27D,  4065  bp  and  5500  bp  respectively).  Eane  E 
contained  uncut  pcDNA  3.1/His  C.  There  are  two  significant  bands  in  this  lane. 
The  first  and  most  intense  band  which  is  above  the  Ikb  ladder  is  the  plasmid  but 
the  plasmid  is  in  a  nicked  state.  The  topography  of  the  plasmid  slows  the 
migration  through  the  gel.  The  second  band  which  is  significantly  less  intense 
and  is  located  about  9.5  Kb  in  relation  to  the  Ikb  ladder  is  the  cccDNA 
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(covalently  closed,  circular  DNA)  form  of  this  plasmid.  The  topography  of  this 
plasmid  allows  it  to  move  slightly  faster  then  the  same  size  plasmid  in  the  linear 
state  (55). 


Plasmids 

Concentration 

Purity 

pGRN83 

0.5511pg/|aE 

2.1 

pcDNA  3.1/His  C 

0.6604  pg/pE 

2.1 

Table  1.  Plasmid  concentration  and  purity 


5090  bp 
4072  bp 
3054  bp 
2036  bp 


Figure  27.  Gel  electrophoresis 
results  for  Plasmid  DNA  extraction 
and  restriction  digests.  (A)  Ikb 
ladder,  (B)  Linear  pGRN83 
(3558bp),  (C)  Uncut  pGRN83,  (D) 
Linear  pcDNA  3.1/  his  C  (4065bp 
and  5500bp  respectively),  (E) 
Uncut  pcDNA  3.1/  his  C  which  is 
present  in  two  different  topographic 
variations.  1.2%  agarose  gel  run  at 
1 00 V  for  90  minutes.  Picture 
generated  by  Eagle  Eye®  II 


78 


4.5  Telomerase  Sample  Analysis  Using  the  TRAPeze  Kit 

The  TRAPeze  analysis  is  currently  the  molecular  standard  for  analyzing 
telomerase  activity.  The  results  obtained  from  this  analysis  were  used  to  compare 
with  the  MB  assay  results.  The  TRAPeze  assay  provides  critical  data  which 
correlates  to  telomerase  activity,  and  indirectly  correlates  to  telomerase 
molecules.  More  telomerase  activity  in  a  sample  is  indicated  by  the  number  of 
bands  produced,  the  intensity  of  those  bands,  and  conversely  to  the  reduction  in 
signal  intensity  of  the  internal  standard. 

The  digitized  image  of  the  dried  gel  is  representative  of  the  telomerase  activity 
for  the  samples  tested  and  reflected  Dr.  Gollahon’s  results  from  1995  (Figure  28). 
Lane  A  is  a  negative  control  utilizing  CHAPS  lysis  buffer.  Lane  B  is  a  negative 
control  utilizing  DEPC  treated  water  (diethyl  pyrocarbonate).  DEPC  treated 
water  is  RNA,  DNA,  and  protein  free  (PCR  grade).  Eane  C  is  2pE  of  protein 
extract  from  HME  32  (273)  cell  line  (#104).  Eane  D  is  2pE  of  protein  extract 
from  HME  3 1  E6/E7  cell  line  (56).  Eane  E  is  2pE  of  protein  extract  from  EC-2 
32°C  cell  line  (149).  Eane  F  is  2pE  of  protein  extract  from  HME  50  cell  line 
(86).  Eane  G  is  2pE  of  protein  extract  from  HME  50-8  cell  line  (96).  Eane  H  is 
2pE  of  protein  extract  from  HME  3 1  cell  line  (103).  Eane  I  is  2pE  of  ImM  RRE. 
Eane  J  is  2pE  of  reconstituted  telomerase.  Eane  K  is  IpE  of  reconstituted 
telomerase.  Eane  E  is  2pE  of  hTERT.  Eane  M  is  2pE  of  hTR.  Eane  N  is  2pE  of 
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co-transcribed  and  translated  telomerase.  Lane  O  is  1  |aL  of  eo-transeribed  and 
translated  telomerase.  Lane  P  is  the  positive  eontrol  (TSR8)  included  in  the 
TRAPeze  kit. 
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TRAPeze  Results  Analyzed  on  an  Aerylamide  Gel 
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samples:  (F)  Sample  86,  (G)  Sample  96,  (I)  Sample  103;  TnT  samples:  (J)  Reeonstituted  Telomerase 
(2pLs),  (K)  Reconstituted  Telomerase  (IpL),  (L)  hTERT  translation,  (M)  liTR  transcript,  (N)  Co 
transcription  and  translation  telomerase  (2pLs),  (O)  Co  transcription  and  translation  telomerase  (IpLs),  (P) 
Positive  control  (TSR8).  The  gel  ran  at  300v  for  two  hours. 


4.6  Molecular  Beacon  Bench-Top  Assay  Analysis  of  Reconstituted  and  Co- 
Transcribed  and  Translated  Telomerase 

The  telomerase  produets  produced  by  co-transcription/  translation  reactions  and 
the  separate  transcription  and  translation  along  with  the  individual  components 
(hTERT,  hTR)  were  tested  with  the  MB  bench-top  assay.  These  samples 
provided  several  control  components  which  were  critical  for  further  assay 
development  and  testing.  Samples  utilized  were  as  follows:  Solution,  Blank, 
4el0  oligos/pL,  reconstituted  telomerase  (RC,  separate  transcription  and 
translation),  co-transcription  and  translation  (Co),  hTERT,  hTR  (See 
Reconstitution  of  Telomerase  and  Sample  Preparation  in  Materials  and  Methods 
section),  and  5  ImM  RRL.  The  results  are  graphically  presented  in  Figure  29. 
The  hTR  sample  shows  no  increase  in  fluorescence  compared  to  the  blank.  The 
hTERT  sample  had  a  strong  increase  in  fluorescence  as  compared  to  the  blank. 
The  hTERT  sample  closely  resembled  the  fluorescence  in  the  5  ImM  RRL 
sample.  The  5  ImM  RRL  sample  had  the  highest  fluorescence  increase.  The 
reconstituted  telomerase  and  the  co-transcribed  samples  both  have  very  similar 
fluorescence,  but  the  co-transcribed  telomerase  sample  showed  a  slightly  higher 
increase  in  fluorescence. 
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Molecular  Beacon  Analysis  of  Reconstituted  and  Co-Transcribed  Telomerase 
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Figure  29.  Molecular  Beacon  Analysis  of  Reconstituted  and  Co-Transcribed  Telomerase. 

The  co-transcribed  (Co)  sample  and  the  reconstituted  (RC)  sample  demonstrated  the  same  relative  fluorescent  intensity. 
The  51mM  RRL  sample  and  the  hTERT  sample  also  demonstrated  very  similar  relative  fluorescent  intensities.  The 
RRL  and  hTERT  samples  were  significantly  more  intense  than  the  two  telomerase  samples  (Co  and  RC).  The  hTR 
sample  had  no  increase  in  fluorescent  intensity  compared  to  the  blank  sample  which  is  the  base  line  MB  signal. 


4.7  Molecular  Beacon  Bench-Top  Assay  Analysis  of  Cell  Protein  Extracts  for 
Telomerase 

4.71  Assay  Development 

The  development  of  this  novel  assay  for  moleeular  eapture  of  telomerase  went 
through  several  key  steps:  (1)  fluoreseently  determining  telomerase  binding  to  the 
MB,  (2)  optimizing  binding,  and  (3)  minimizing  baekground.  These 
eharaeteristies  were  explored  through  ehemieal  variations  to  the  assay 
eomponents.  These  experiments  were  shortened  to  reduee  overall  run  time.  The 
temperature  range  reduetion  (to  80°C  -  10°C  -  30°C),  insured  that  all  eritieal 
experimental  data  was  reeorded  beeause  this  temperature  range  showed  all  three 
thermodynamie  states  of  the  MB. 

The  initial  experiment  that  ineluded  both  a  telomerase  positive  eell  line  and  a 
telomerase  negative  eell  line  was  the  basis  for  assay  refinement.  Assay 
eomponents  for  this  experiment  were  as  follows:  1.5mM  MgCli,  20mM  Tris-HCl 
pH  7.6,  63mM  KCl,  125mM  Rox,  29.4pM  BSA,  and  200nM  MB.  This 
experiment  utilized  eell  protein  extraets  144  and  100  (Referenee  seetion  3.16). 
When  these  samples  were  tested  alone  there  was  no  inerease  in  fluoreseenee  in 
either  sample,  but  when  51mM  RRL  was  added  to  the  samples  both  samples 
showed  inereased  fluoreseenee.  The  144  sample  had  a  signifieantly  higher 
fluoreseenee  reading  than  the  100  sample,  but  the  RRL  baekground  was  higher 
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than  the  100  sample  and  similar  to  the  144  sample  (Figure  30).  To  validated  the 
results,  the  baekground  created  by  the  addition  of  5  ImM  RRL  needed  to  be 
decreased  to  a  baseline  level  and  more  protein  extracts  needed  to  be  tested. 

The  next  set  of  experiments  included  a  change  in  the  assay  components  and 
the  addition  of  two  more  protein  extracts.  The  change  in  the  assay  components 
was  the  removal  of  the  ultra  pure  BSA.  The  two  new  protein  extracts  were  147 
(telomerase  positive)  and  103  (telomerase  negative).  The  concentration  of  RRL 
remained  5  ImM.  The  relative  fluorescence  for  the  two  telomerase  positive  cell 
lines  were  higher  than  the  telomerase  negative  cell  lines,  but  the  high  background 
created  from  the  5  ImM  RRL  did  not  yeild  credible  results  for  the  fluorescent  data 
observed  (Figure  3 1). 

The  next  experiment  would  directly  address  the  background  created  by  the 
RRL.  Dilution  experiments  were  performed  with  the  RRL.  The  first  experiment, 
RRL  dilutions  ranged  from  65mM  -  1 0mM  (assay  pH  7.6,  Reference  Appendix 
C).  In  the  second  dilution  experiment,  concentrations  ranged  form  5mM  - 
O.OSmM  (assay  pH  8.3).  The  RRL  dilutions  of  5mM  -  0.75mM  were  tested  alone 
and  in  the  presence  of  the  telomerase  positive  protein  extract  144.  The  only 
change  to  the  assay  components  consisted  of  increasing  the  Tris-HCl  pH  from  pH 
7.6  to  pH  8.3.  The  5mM  RRL  sample  showed  an  increase  in  fluorescence,  but  the 
sample  with  the  5mM  RRL  and  144  showed  a  greater  increase  in  fluorescence. 
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The  ImM  RRL  sample  showed  no  increase  in  fluorescence  (equivalent  to  the 
blank),  but  again  the  144  sample  with  ImM  RRL  shows  a  significant  increase  in 
relative  fluorescence.  The  sample  with  144  and  0.75mM  RRL  showed  increase  in 
relative  fluorescence,  but  the  0.75mM  RRL  also  showed  a  marked  increase  in 
fluorescence  (equivalent  to  the  blank).  Both  the  ImM  RRL  and  0.75mM  RRL 
showed  no  relative  change  in  fluorescence  but  the  ImM  RRL  with  the  protein 
extract  had  a  greater  signal  to  noise  ratio.  Based  on  these  results  the  ImM  RRL 
concentration  was  selected  for  continued  assay  development  (Figure  32). 
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Molecular  Beacon  Assay  Analysis  of  Cell  Protein  Extracts  for  Telomerase 
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The  solution  sample  showed  the  background  readings  for  FAM  by  the  ABI  prism.  The  blank  solution  shows  the  molecular 
beacon’s  natural  thermodynamic  stability  through  the  temperature  range.  The  4el0  oligo  copies/pL  showed  the  molecular 
beacon’s  thermodynamic  nature  through  the  temperature  range  in  the  presence  of  target  entity.  The  experimental  samples 
showed  an  increased  fluorescence  beginning  with  the  telomerase  negative  sample  (100  +  51mM  RRL)  progressing  to  the 
51mM  RRL  sample  and  then  the  highest  fluorescent  signal  is  the  telomerase  positive  sample  (144  +  51mM  RRL). 


Molecular  Beacon  Assay  Analysis  of  Cell  Protein  Extracts  for  Telomerase  2 
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showed  the  molecular  beacon’s  thermodynamic  nature  through  the  temperature  range  in  the  presence  of  target  entity. 
The  experimental  samples  demonstrated  an  increase  in  fluorescence  beginning  with  the  telomerase  negative  samples 
(100  +  51mM  RffL,  103  +  51mM  RRE)  progressing  to  the  51mM  RRE  sample  and  the  telomerase  positive  samples 
(147  +  51mM  RRL,  144  +  51mM  RRL). 


Molecular  Beacon  Assay  Analysis  of  RRL  Dilutions 
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molecular  beacon’s  thermodynamic  nature  through  the  temperature  range  in  the  presence  of  target  entity.  The  experimental 
samples  ImM  RRL  and  0.75mM  RRL  showed  no  increase  in  fluorescence.  The  5mM  RRL  show  increased  fluorescence,  but 
the  sample  with  the  telomerase  positive  protein  extract  (144  +  5mM  RRL)  shows  a  greater  increase  in  fluorescence.  The  144  + 
0.75mM  RRL  showed  an  increase  in  fluorescence  well  above  the  0.75mM  RRL,  but  the  144  +  ImM  RRL  demonstrated  the 
greatest  increase  in  fluorescence  since  both  RRL  only  samples  were  compared  to  the  solution  alone  and  below  the  blank. 


4.72  Molecular  Beacon  Bench-Top  Assay  Analysis  of  Cell  Protein  Extracts  for 
Telomerase 

The  final  assay  compilation  was  used  to  access  its  efficacy  on  total  cell 
extracts.  To  that  end,  three  telomerase  positive  cell  protein  extracts  and  three 
telomerase  negative  cell  protein  extracts  were  analyzed.  This  experiment  was  run 
in  triplicate  to  determine  assay  reproducibility.  The  error  bars  indicate  the 
standard  deviation  between  the  three  runs.  The  samples  utilized  in  these 
experiments  include:  solution,  blank,  target  oligo  4e8  copies/pL,  ImM  RRL, 
telomerase  positive  cell  protein  extracts  104,  81,  149  and  telomerase  negative 
extracts  103,  86,  and  96.  The  data  from  the  above  samples  was  represented  by  six 
representative  data  lines.  The  solution  sample  showed  the  baseline  reading  of  the 
FAM  fluorophore  by  the  ABI  Prism  7000.  The  Blank  sample  showed  that  the 
master  mix  was  not  contaminated  as  well  as  the  baseline  reading  for  the  MB  in 
the  stem  loop  confirmation  at  lower  temperatures.  The  4e8  oligos/pL  sample 
showed  that  the  MB  behaved  throughout  the  experiment  as  predicted  from  the 
literature.  The  ImM  RRL  sample  showed  the  protein  binding  background.  This 
concentration  was  added  to  all  protein  extract  samples.  The  bottom  portion  of  the 
graph  also  encompassed  all  the  data  collected  from  the  telomerase  negative  cell 
protein  extracts  (103,  86,  96)  and  the  ImM  RRL.  This  portion  of  the  graph  was 
represented  by  the  ImM  RRL  data  set.  The  104  +  ImM  RRL  data  showed  the 
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highest  increase  in  fluorescence.  The  81  +  ImM  RRL  and  the  149  +  ImM  RRL 
had  very  similar  relative  fluorescence  and  was  represented  by  149  +  ImM  RRL 
(Figure  33).  The  graph  illustrating  total  run  results  is  figure  35.  The  overview 
data  and  the  complete  date  set  have  been  further  manipulated  so  that  the  graphical 
representation  would  better  reflect  the  thermodynamic  states  and  their  correlation 
to  relative  fluorescence.  The  blank  solution  in  the  revised  graphs  (Figure  34  and 
36)  were  used  to  subtract  baseline  fluorescence  of  the  MB  during  the  temperature 
range.  Therefore,  the  graph  lines  represented  the  fluorescence  differential  from 
the  blank  sample  for  each  sample  tested. 
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Molecular  Beacon  Final  Assay  Analysis  Overview 
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thermodynamic  state  through  that  temperature  range.  The  three  samples  of  most  interest  are 
the  two  telomerase  positive  lines  and  the  ImM  RRL.  The  104  +  ImM  RRL  had  the  greatest 
fluorescent  signal.  The  149  +  ImM  RRL  represents  149  and  81.  The  third  line  of  interest  is 
the  telomerase  negative  cell  line  sample  which  is  represented  by  ImM  RRL. 


Varied  Data  Presentation  of  the  Final  Assay  Overview 
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data  represents  relative  fluorescenee  eompared  to  the  blank.  The  three  sample  lines  of  most  interest 
are  the  two  telomerase  positive  lines  and  the  ImMRRL.  The  104  +  ImM  RRL  showed  the  greatest 
fluoreseent  signal.  The  149  +  ImM  RRL  represents  149  and  81.  The  third  line  of  interest  is  the 
telomerase  negative  eell  line  sample  whieh  is  represented  by  ImM  RRL. 


Molecular  Beacon  Final  Assay  Analysis  Complete  Data  Set 
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This  figure  includes  all  cell  extracts  analyzed  by  this  novel  assay.  The  data  showed  the  reproducibility  of  each 
sample  when  run  in  triplicate.  Standard  deviation  is  included.  The  telomerase  positive  samples  (104,  81,  149) 
all  have  elevated  fluorescence.  The  fluorescent  intensity  of  the  assay  distinguishes  between  different  telomerase 
positive  cell  lines.  The  telomerase  negative  samples  (103,  86,  96),  RRL,  and  blank  have  no  significant 
fluorescence  above  background. 


Varied  Data  Presentation  of  the  Final  Assay  Complete  Data  Set 
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each  sample  when  mn  in  triplicate.  This  data  represents  relative  fluoreseence  eompared  to  the  blank. 
The  telomerase  positive  samples  (104,  81,  149)  all  have  elevated  fluorescence.  The  fluorescent  intensity  of 
the  assay  distinguishes  between  different  telomerase  positive  cell  lines.  The  telomerase  negative  samples 
(103,  86,  96),  RRL,  and  blank  have  no  significant  fluorescence  above  background. 


CHAPTER  V 


DISCUSSION 


5.1  Overview 

This  is  the  first  known  experiment  to  direetly  assess  the  utility  of  a  MB  in 
eapturing  a  targeted  DNA  binding  protein.  The  suceessful  implementation  of  this 
telomerase  detection  assay  and  the  potential  tailored  modifications  of  this  assay 
for  other  DNA  binding  proteins  could  have  broad  scientific  impact.  The  ability  to 
integrate  this  assay  into  a  MEMS  device  with  a  unique  optic  detection  scheme, 
would  further  constitute  portability  and  allow  field  operations.  Moreover,  the 
ability  to  quantify  molecules  of  telomerase  and  correlate  it  with  cancer  would 
give  this  assay  high  clinical  relevance.  Further,  production  of  a  MEMS  device 
with  this  capability  would  give  this  assay  scheme  convenient  and  cost  effective 
clinical  significance. 

5.2  Fluorescent  Characterization  of  the  FAM  Eabeled  Molecular  Beacon 

Due  to  the  novelty  of  this  assay  and  its  development,  there  was  no  “standard” 
mechanism  for  assay  detection  and  quantitation.  Therefore,  the  most  accurate 
method  of  measuring  and  characterizing  the  thermodynamic  binding  behavior 
was  to  use  a  Real-Time  PCR  machine  (Reference  section  2.2  and  Figure  5).  The 
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characterization  of  the  ABI  Prism  7000  as  a  deteetion  meehanism  was  perhaps  the 
most  valuable  part  of  these  experiments.  Understanding  how  to  use  the  software 
and  manipulate  eomponents  in  the  assay  for  reprodueible,  optimized  results 
proved  eritieal  for  sueeessful  assay  development.  The  fluoreseent  data  eolleeted 
through  the  eharaeterization  of  the  MB  with  the  ABI  Prism  7000  were  important 
not  only  for  assay  optimization,  but  also  to  understanding  the  thermodynamie 
behavior  of  the  MB.  In  addition,  the  effeetiveness  of  the  ABI  Prism  7000  as  an 
initial  deteetion  meehanism  eould  be  assessed.  However,  differenees  would  exist 
between  the  results  from  target  oligo  and  the  protein  extraets  beeause  the  DNA- 
DNA  binding  ehemistry  with  a  MB  has  been  shown  to  be  different  than  DNA- 
protein  binding  ehemistry  (1 1,28,29).  The  eritieal  information  extraeted  from 
these  experiments  ineluded  the  maehine  eharaeteristies,  MB  fluoreseent 
charaeteristies,  and  data  presentation.  Ultimately,  the  assay  development  was 
best  aeeomplished  with  the  protein  extraet  from  telomerase  negative  and  positive 
eell  lines. 

Experimental  performanee  yielded  a  greater  understanding  of  the  MB 
behavior,  whieh  was  eritieal  in  optimizing  a  working  beneh-top  assay.  The 
thermodynamie/fluoreseent  eharaeteristies  of  the  MB  produeed  in  these 
eharaeterization  experiments  followed  examples  described  in  the  literature 
(3,4,27,28,46,49,50).  The  MB  data  obtained  during  these  experiments  showed 
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the  possible  thermodynamic  conformations  that  could  occur:  random  coil,  linear, 
and  stem  loop  with  their  respective  relative  fluorescence  (Reference  section  2.12). 
The  data  also  showed  a  direct  relationship  between  target  oligo  concentrations 
and  relative  fluorescent  readings  (Figures  10-13).  These  results  determined  the 
optimum  MB  concentration  for  further  assay  development. 

The  data  were  compiled,  analyzed  in  Microsoft  EXCEL  and  presented  so  that 
the  experimental  results  were  accurately  reflected.  This  process  started  out  very 
simply  (presenting  raw  data)  and  ended  up  being  quite  complex  (normalizing  all 
data).  As  the  process  evolved,  the  background  was  normalized  between  runs. 
Accomplishing  this  caused  the  data  to  become  more  revealing.  This  allowed  for 
more  in-depth  analyses  of  the  experimental  runs. 

5.3  Molecular  Beacon  Attachment 

Two  separate  approaches  to  MB  attachment  provided  information  on  several 
levels.  First,  familiarization  with  the  attachment  protocol  and  with  confocal 
microscope  operation  was  achieved.  Second,  these  approaches  produced 
comparative  fluorescent  results  that  allowed  for  data  extrapolation  and  predictions 
for  future  experiments.  The  attachment  protocol  for  the  non- fluorescent  avidin 
coated  polystyrene  beads  preceded  the  attachment  protocol  for  molecular 
streptavidin  onto  a  glass  substrate.  Procedural  and  experimental  results  made  this 
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methodology  easily  transferable  to  the  glass  substrate  (Referenee  section  4.2  and 
Figures  14-19). 

Understanding  confocal  microscopy  theory  and  optimizing  its  intrinsic 
functions  to  best  extract  the  data,  yielded  important  results  that  would  transfer  to 
all  successive  experiments  utilizing  confocal  microscopy  for  sample  analysis 
(Reference  section  2.3  and  Figure  6). 

The  results  produced  by  utilizing  the  confocal  microscope  for  analysis  of  the 
non- fluorescent  avidin  coated  beads  protocol  also  carried  over  to  succeeding 
experiments  with  molecular  streptavidin.  These  data  were  important  because  they 
showed  the  most  likely  manner  in  which  future  data  should  be  represented  and 
yielded  predictions  of  MB  behavior  in  subsequent  experiments. 

The  move  from  avidin  coated  polystyrene  beads  (6.7pm)  to  molecular 
streptavidin  (~5nm)  showed  significantly  different  attachment  efficiencies  and 
properties.  The  attachment  of  the  polystyrene  beads  appeared  to  be  sporadic 
Figure  18).  In  contrast,  molecular  streptavidin  showed  a  more  uniform  layer  of 
particle  coverage  (Figure  22).  The  uniformity  of  the  molecular  streptavidin 
coverage  suggested  that  the  limiting  factor  in  the  process  was  the  BSA-Biotin 
binding  to  the  glass  surface.  By  manipulating  the  BSA-Biotin  concentration, 
binding  the  molecular  streptavidin  over  a  specific  area  could  be  accomplished  to 
produce  a  homogeneous  monolayer. 
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The  ability  to  reproduce  an  even  monolayer  of  streptavidin  will  be  critical  for 
further  development  of  a  functionalized  liquid  core  waveguide  (LCWG).  The 
monolayer  should  produce  several  key  qualities  necessary  for  an  optimized  assay 
inside  a  liquid  core  waveguide.  First,  the  monolayer  will  be  applied  to  the  entire 
inner  lumen  of  the  glass  capillary.  This  monolayer  should  significantly  reduce 
interaction  or  binding  between  the  protein  sample  and  the  glass  surface. 

Secondly,  it  would  not  limit  the  functionalization  process  to  the  number  of 
molecular  streptavidin  bound  to  the  surface.  Surface  modification  could  be 
regulated  by  the  concentration  of  MB  incubated.  The  ability  to  adjust  the  number 
of  molecular  beacons  bound  to  the  inner  lumen  would  permit  background 
fluorescence  to  increase  the  signal  to  noise  ratio. 

5.4  Plasmid  Extraction  and  Transcription/  Translation  Preparation 

The  extraction  data  indicated  that  the  DH5a  E.coli  cells  were  properly 
transformed  and  the  plasmid  extractions  were  relatively  pure.  Each  plasmid 
showed  the  proper  fragment  size  when  digested  (Figure  27).  The  sizes  of  the 
undigested  plasmids  were  somewhat  distorted  because  of  the  physical 
characteristics  of  the  plasmid.  The  plasmids  were  in  a  nicked  state,  i.e.,  they 
appeared  much  larger  then  they  should  when  analyzed  using  electrophoresis. 
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These  nicks  in  the  plasmids  were  most  likely  due  to  mechanical  shearing  that 
occurred  during  the  extraction  protocol. 

5.5  Molecular  Beacon  Bench-Top  Assay  Development,  Validation  and 
Comparison 

The  development  of  this  assay  passed  through  several  key  milestones.  First, 
fluorescent  determination  of  telomerase  binding  to  MB  occurred.  Second, 
identifying  the  proper  concentration  of  RRL  was  critical  for  delineating  the 
telomerase  positive  cell  line  extracts  from  the  RRL  background.  Third,  testing 
key  components  of  the  assay  master  mix  was  critical  in  optimizing  the  assay  for 
telomerase  detection.  Fourth,  evaluation  and  elimination  of  as  many  known 
proteins  or  RNA  molecules  that  might  bind  the  MB  (and  show  a  false  positive) 
was  done.  Fifth,  reproducibility  as  a  bench-top  assay  was  evaluated.  The  major 
points  of  these  five  milestones  are  discussed  in  detail  below.  For  further  details 
please  reference  Trouble  Shooting  (Appendix  C-  F). 

The  initial  experiments  to  validate  the  utility  of  the  bench-top  assay  employed 
telomerase  positive  and  negative  cell  protein  extracts.  The  sample  cell  protein 
extracts  initially  results  showed  no  binding  to  the  MB  (Appendix  D).  Plausible 
explanations  were  that  either  telomerase  was  not  binding,  or  telomerase  was 
binding  and  did  not  provide  enough  energy  to  separate  the  stem  of  the  MB.  Due 


101 


to  observations  made  by  multiple  sourees  (3,4,27,28,46,49,50)  and  the  well 
documented  characteristics  of  telomerase  (14,41),  the  latter  explanation  was  the 
premise  upon  which  my  future  experiments  were  based.  The  concentration  of 
RRL  was  calculated  based  on  the  master  RRL  provided  (assumed  to  be  IM)  in  the 
Promega  PROTEINscripII  kit. 

The  RRL  behaved  differently  alone  and  when  mixed  with  cell  extracts.  By 
itself,  RRL  showed  significant  increase  in  fluorescence  (Ligure  30-31).  The 
entire  loop  of  the  MB  was  free  for  binding  from  any  protein  present  in  the  RRL 
solution.  Consequently,  fluorescent  intensity  was  high.  In  contrast,  in  the 
presence  of  the  protein  extracts,  a  decreased  fluorescence  was  observed.  The 
protein  extract  samples  plus  RRL  showed  different  magnitudes  of  fluorescence 
which  correlated  with  telomerase  positive  or  negative.  Not  surprisingly,  the 
telomerase  positive  protein  extracts  had  higher  fluorescence  values  than  did  the 
telomerase  negative  protein  extracts.  Interestingly,  while  the  RRL  concentration 
continued  to  show  this  high  fluorescence  value,  the  protein  extract  data  showed  a 
specific,  reproducible,  hierarchy  of  signal.  This  hierarchy  from  lowest 
fluorescent  signal  to  highest  always  followed  this  order:  blank,  telomerase 
negative,  oligo,  telomerase  positive  and  RRL  (Ligure  25).  The  important  point  in 
this  reproducible  hierarchy  is  the  fact  that  even  with  the  addition  of  RRL,  both  the 
telomerase  positive  and  negative  cell  extracts  demonstrated  differences  in  MB 
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interactions.  However,  while  interesting  and  perhaps  biologically  important,  with 
high  RRL  background,  the  results  showed  no  definitive  conclusions.  The  RRL 
fluorescence  (protein  binding  background)  needed  to  be  eliminated  while 
increasing  the  signal  to  noise  ratio  of  the  telomerase  positive  cell  lines.  A  serial 
dilution  experiment  for  RRL  concentration  was  performed  to  determine  a 
“threshold”  level  for  RRL.  This  experiment  produced  the  minimum 
concentration  of  RRL  required  for  successful  telomerase  binding  without  biasing 
the  results.  Figure  32  shows  that  at  ImM  RRL,  the  RRL  control  protein  binding 
background  was  negligible  (effectively  zero).  In  contrast,  the  telomerase  positive 
protein  extract’s  signal  with  ImM  RRL  was  significantly  higher.  Although  it  was 
not  as  high  as  the  5 ImM  RRL,  I  felt  it  was  valid  because  at  a  baseline  ImM,  RRL 
signal  was  effectively  eliminated.  After  eliminating  the  RRL  protein  binding 
background,  the  assay  components  were  optimized  for  telomerase  binding  and 
sample  differentiation.  The  initial  composition  of  the  assay  was  based  on  the 
TRAPeze  kit  buffer.  The  utilization  of  the  TRAPeze  buffer  showed  no  results 
(Reference  Appendix  E).  One  of  the  TRAPeze  components  was  apparently 
inhibiting  binding  of  all  proteins  and  DNA.  After  sequential  elimination  of  each 
component,  the  inhibiting  element  was  ultimately  determined  to  be  EGTA 
(Appendix  F).  The  final  assay  was  composed  of  63mM  KCl,  1.5mM  MgCl2, 
125nM  Rox,  20mM  Tris-HCl  pH  8.3,  and  200mM  MB. 
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After  determining  the  optimal  assay  eonditions,  the  two  telomerase 
components  (hTERT  and  hTR)  were  eliminated.  The  reconstituted  telomerase 
and  co-transcribed/translated  telomerase  would  no  longer  be  utilized  for  further 
comparisons  because  of  the  inability  to  separate  them  from  the  high  concentration 
of  the  RRL  needed  to  produce  the  telomerase  protein  in  vitro.  I  felt  this  inability 
to  separate  telomerase  products  from  the  RRL  left  no  means  for  valid  comparison. 
At  this  point,  the  assay  was  developed  enough  to  start  testing  its  reproducibility 
with  total  protein  extracts  from  cell  lines.  Experimental  replicates  showed  results 
varying  by  +/-  10%  at  each  data  point  through  the  MB’s  non-FRET  configuration 
(Figure  29).  No  correlation  between  the  standard  oligo  concentration  and  the 
unknown  protein  concentrations  of  the  telomerase  molecules  could  be  made,  due 
to  the  vastly  different  binding  kinetics  for  the  two  species. 

The  connection  between  the  MB  bench-top  assay  and  the  TRAPeze  analysis 
was  strong  however.  The  telomerase  positive  cell  lines’  protein  extracts  showed 
telomerase  activity  in  the  TRAPeze  assay  and  corresponding  fluorescence  with 
the  MB  bench-top  assay.  Samples  that  showed  highly  intense  telomerase  activity 
in  the  TRAPeze  analysis,  also  showed  a  correspondingly  significant  increase  in 
fluorescence  when  compared  to  the  other  telomerase  positive  protein  extracts  in 
the  MB  bench-top  assay.  The  telomerase  negative  cell  lines’  protein  extracts 
showed  no  telomerase  activity  in  either  the  TRAPeze  assay  or  their  respective 
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fluorescence  in  the  MB  bench-top  assay.  The  two  major  components  conferring 
telomerase  activity,  hTERT  and  hTR,  when  assayed  individually,  showed  no 
telomerase  activity  in  either  the  TRAPeze  assay  or  the  MB  bench-top  assay.  Both 
the  reconstituted  and  co-transcribed/translated  telomerase  samples  showed 
telomerase  activity  and  showed  a  fluorescent  signal  for  the  MB  bench-top  assay. 
However  this  result  was  deemed  inconclusive  due  to  the  high  protein  binding 
background  of  the  RRL. 

5.6  Interpretation  of  MB  -  Telomerase  Binding  Results 

The  results  from  the  cell  extracts  with  no  RRL  were  surprising  (Appendix). 
One  possibility  for  lack  of  MB  of  fluorescence  could  be  the  specific 
thermodynamic  characteristics  of  the  MB.  The  present  MB  configuration  of  24 
bps  in  the  hairpin  loop  may  be  too  large  and  the  binding  of  telomerase  alone  may 
not  be  enough  to  split  the  stem  structure  (Figure  35).  For  the  stem  structure  of  the 
MB  to  separate  the  bases  contained  in  the  hairpin  loop  must  fully  interact  with 
another  molecule  or  molecules  that  will  decrease  the  free  energy  of  the  MB  so 
that  the  linear  configuration  becomes  stable.  The  addition  of  the  RRL  to  the 
protein  cell  extracts  may  provide  “helper”  proteins  (single  stranded  DNA  binding 
proteins)  in  the  solution  so  that  the  combined  energy  of  the  telomerase  and 
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“helper”  proteins  binding  the  hairpin  loop  splits  the  stem  and  allows  fluoreseenee 
(Figure  36). 


Figure  37.  Possible  Interactions 
Between  Telomerase  and  the 
Molecular  Beacon.  In  this  scenario, 
telomerase  does  not  provide  enough 
thermodynamic  energy  to  split  the 
stem  structure.  As  a  result,  the  MB 
remains  in  the  stem-loop 
conformation  (FRET). 


Figure  38.  Possible  Interactions 
Between  Telomerase,  Molecular 
Beacon  and  RRL.  The  addition  of 
RRL  to  the  solutions  provided 
“helper”  proteins  that  bind  the  hairpin 
loop  fulfilling  the  thermodynamic 
energy  necessary  to  split  the  stem 
structure  (non-FRET)  and  allow  the 
fluorophore  to  fluoresce. 
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Alternatively,  the  binding  of  telomerase  to  the  hairpin  loop  may  play  another 
role  in  regulating  other  protein  binding  species.  Since  the  hairpin  loop  is  24bps  in 
length  a  telomerase  molecule  may  conceivably  bind  in  several  different  places  on 
the  loop.  If  telomerase  binds  in  the  center  of  the  hairpin  loop  other  proteins  may 
not  be  able  to  bind  the  loop  (Figure  37).  However,  if  telomerase  binds  the  3’  or 
5’  end  of  the  hairpin  loop  there  may  be  room  for  other  protein  binding  (Figure 
38).  The  transition  of  the  molecular  beacon’s  hairpin  loop  from  24bp  to  a  size 
larger  than  6bp  may  redefine  the  capabilities  of  this  assay.  The  ability  of 
telomerase  to  separate  the  stem  without  the  presence  of  RRL  would  increase 
reliability  and  reproducibility  considerably. 


Figure  39.  Telomerase  Binds  to 
the  Middle  of  the  Hairpin  Loop. 
Telomerase  binds  to  the  middle 
of  the  hairpin  loop  which  does 
not  allow  room  for  other  proteins 
to  interact  with  the  molecular 
beacon.  This  preferential 
binding  would  inhibit  the 
utilization  of  this  specific 
molecular  beacon. 
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Figure  40.  Telomerase  Binds  to 
the  3  ’  or  5  ’  end  of  the  Hairpin 
Loop.  When  telomerase  binds  to 
the  3  ’  or  5  ’  end  of  the  molecular 
beacon  a  significant  portion  of 
the  hairpin  loop  is  available  for 
other  protein  DNA  interactions. 


One  very  important  observation  was  that  even  in  the  presence  of  RRL, 
telomerase  negative  cell  lines  showed  no  binding  or  (at  least)  greatly  reduced 
binding  compared  to  the  RRL  alone.  These  results  suggested  that  there  was  no 
accessibility  to  hairpin  loop.  Alternatively,  the  opening  of  the  loop  was  being 
inhibited  by  some  as  yet  unknown  mechanism.  Therefore,  there  appears  to  be  a 
protective  mechanism  inherent  in  the  telomerase  negative  cell  extracts,  because 
even  at  51mM  RRL,  the  telomerase  negative  cell  lines  were  significantly  lower 
than  the  RRL  sample.  Possibilities  include  a  protein  like  p53  recognizing  the 
accessible  DNA  of  the  loop  as  “damaged”  and  binding  to  it.  However  if  this  is 
the  case,  other  proteins  need  to  be  involved,  otherwise  the  MB  should  open. 
Another  possibility  is  that  the  whole  loop  is  encased  in  a  series  of  interconnected 
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proteins  therefore  alleviating  any  binding.  Finally,  the  stem  structure  could  be 
targeted  in  telomerase  negative  cell  lines.  Double  stranded  DNA  binding  proteins 
such  as  TRFi  and  TRF2  may  detect  the  stem  structure  as  subtelomeric.  They  may 
be  binding  to  the  stem  structure  and  effectively  increasing  the  energy  needed  to 
split  the  stem  so  high  that  no  binding  to  the  loop  would  have  enough  energy  to 
break  the  stem  structure. 

The  MB  -  cell  extract  results  obtained  in  this  project  have  led  to  a  number  of 
important  questions  concerning  protein-DNA  interactions.  It  is  evident  that 
besides  telomerase,  there  are  other  important  distinctions  between  telomerase 
positive  and  negative  cell  lines  with  respect  to  DNA  interactions.  Although  there 
is  still  much  work  to  be  done  with  cell  lines  at  various  stages  of  immortalization 
as  well  as  tissue  extracts,  the  MB  may  have  great  utility  in  addressing  these 
questions. 
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CHAFER  VI 


CONCLUSION 


Cancer  is  a  debilitating  and  deadly  disease  that  takes  its  toll  on  soeiety.  The 
ability  to  screen  for  caneer  on  a  regular  basis  in  a  eost  effeetive  and  time  effleient 
manner  would  increase  survival  rates  of  eaneer  patients.  The  goal  of  this  project 
was  to  develop  a  preliminary  assay  utilizing  a  MB  to  detect  telomerase  molecules 
in  a  cell  protein  extraet,  with  an  ultimate  goal  of  developing  a  screening  teehnique 
that  is  based  on  deteetion  of  telomerase  molecules.  This  would  allow 
establishment  of  numbers  of  telomerase  moleeules  that  direetly  eorrespond  to 
caneer  stage,  and  possibly  even  type.  This  test  eould  also  help  with  prognosis  and 
evaluate  treatment  effectiveness. 

The  data  eollected  during  the  duration  of  this  researeh  suggest  that  telomerase 
is  binding  to  the  MB.  The  fluoreseent  intensity  of  the  MB  assay  eorrelates  with 
the  telomerase  aetivity  (measured  by  the  TRAP  assay)  for  both  the  telomerase 
positive  and  negative  eell  protein  extracts.  This  preliminary  assay  needs  further 
charaeterization  and  development  to  better  understand  the  variables  involved  with 
assay  performance  and  further  correlation  to  specific  cell  lines. 

The  correlations  between  the  TRAPeze  assay  for  enzyme  aetivity  and  the  MB 
beneh-top  assay  were  very  promising,  but  further  testing  is  needed.  The  protein 
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or  proteins  causing  the  MB  to  linearize  must  be  confirmed  by  other  means  outside 
the  scope  of  this  research  project.  Once  confirmation  is  complete,  determining 
the  minimum  number  of  bases  that  telomerase  will  bind  will  allow  for  further 
optimization  of  the  MB.  This  optimized  MB  with  a  shortened  hairpin  loop  should 
be  specific  for  detecting  telomerase  binding  without  the  necessity  of  any  “helper” 
proteins  provided  by  the  RRL.  Once  the  effects  of  RRL  have  been  eliminated, 
further  analysis  can  be  performed  on  hTERT,  hTR  and  the  cell  extracts. 

Integration  of  this  assay  into  a  MEMS  device  or  a  bionanotechnology  platform 
would  enhance  its  utility  and  effectiveness.  This  integration  would  utilize 
engineering  principles  to  produce  a  small  scale,  portable  device  with 
functionalized  disposable  capillaries.  The  fabrication  and  development  of  such  an 
integrated  device  that  would  contain  a  biologically  modified  glass  capillary, 
specifically  engineered  for  ECWG  based  detection,  would  be  very  convenient. 
This  device  could  be  used  in  a  clinical  setting  or  in  the  field. 

This  research  project  has  accomplished  the  first  documented  binding  of  a 
target  DNA-binding  protein  to  a  MB.  This  assay  will  hopefully  facilitate 
development  of  similar  assays  to  capture  other  DNA  binding  proteins.  However 
to  make  this  assay  truly  versatile  a  detection  scheme  specific  for  MB  binding  will 
also  need  to  be  developed. 


Ill 
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Appendix  A 


r  -  R  sin  0 
dA  =  2nr  (Rd  0) 

=  271  (R  sin  0)(Rd  0) 

=  271  R^  (sin  0  d0) 

d(sin  0)  =  cos  0  d0 
d(cos  0)  =  sin  0  d0 
-d(cos  0)  =  sin  0  d0 
A  =  IdA  =  e  J  271  R^  (sin  0  d0) 
=  2n  R^  eJ  sin  0  d0 
=  271  R^  eii  -  d  cos  0 
=  -271  R^  9  J  d  cos  0 
=  -271  R^  cos  0  91 
=  -271  R^  (cos  02  -  cos  0i) 

=  271  R^  (cos  01  -  cos  02) 

Q  =  271  R^  (cos  01  -  cos  02)  (1) 
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Appendix  B 

Water  -  Glass  -  Air  LCWG  Configuration 


Water  -  Glass  Interfaee 

1 .00  =  refractive  index  of  air 


Figure  42.  Water  -  Glass  Interfaee 


ni  =  1.33  (index  of  water) 

01  =  90° 

n2  =  1 .49  (index  of  glass) 

02  ^  02max  (maximum  refraetion  angle  in  glass) 

1.33  (sin  90°)=  1.49  (sin  02inax) 
sin  02max=[1.33  (sin  90°)]/1.46 
02=  0.9109/sin 
02max  =  65.63°  (Figure  40) 

No  fluoreseent  signal  will  be  TIR  at  the  water  glass  interfaee.  The 
fluoreseenee  signal  will  be  eoneentrated  in  the  glass  between  0°  and  65.63°  from 
normal. 
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Glass  -  Air  Interface 


Figure  43.  Glass  -  Air  interface 


ni  =  1 .49  (index  of  glass) 

01  =  01  glass  (Critical  angle) 
n2  =  1.0  (index  of  Air) 

02  =  90° 

1.49  (sin  Oigiass)  ^  1-00  (sin  90°) 
sin  Oigiass^  [1.00  (sin  90°)]/1.46 
Oigiass^  0.6849/sin 
0igiass  =  43.23°  (Figure  41) 


Fluorescence  with  an  angle  of  incidences  smaller  than  the  critical  angle  will  not  be 
TIR. 
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The  percentage  of  fluorescence  TIR  in  the  glass  cladding  is  calculated  as  follows: 


R=  1 


Smax  =  90°  -  0 


2max 


Sglass  90  -  01  glass 

Q  ==  27iR^  (cos  Smax  "COS  8giass )  (Appendix  A) 
%  captured  =  2(0/4;!)  x  100 
Smax  =  24.37°  (figure  8) 

Sgiass  =  46.77°  (figure  8) 


O, 


'capture 


=  2;!  (cos  24.37°  -cos  46.77°) 


Capture  =1.4198 
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Since  all  the  light  is  between  0°  and  65.63°  the  area  represented  by  the  light 
must  be  found  to  determine  the  eorrect  pereentage  eaptured. 

01-0° 

02-65.63° 

801  =  0° 

802  =  24.37° 

fitotai  =  271  (eos  24.37°) 

Qtotai==  5.7233 

%  eaptured  =  (Qcapture  /  f^total)  X  100 

%  captured  =  (1.4198/5.7233)  x  100 
%  captured  -  24.807 
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Appendix  C 

The  premise  behind  these  dilution  experiments  was  to  determine  the  optimal 
eoneentration  of  RRL  for  the  greatest  signal  to  noise  ratio.  The  individual 
eomponents  of  the  reaetion  mix  were:  20mM  Tris-HCl  pH  7.6,  63mM  KCl, 

1 .5mM  MgCl2,  150nM  ROX,  200nM  MB,  and  water.  RRL  was  tested  in  varying 
eoneentrations  (lOmM  -  60mM)  and  the  same  eoneentrations  of  RRL  were  tested 
in  solution  with  a  telomerase  positive  protein  extraet.  The  individual 
eoneentrations  of  RRL  were  eompared  to  their  eounter  parts  whieh  were  tested  in 
the  presenees  of  telomerase  positive  protein  extraets.  The  differenee  in  relative 
fluoreseenee  and  signal  to  noise  ratio  was  observed. 

The  data  is  broken  up  into  several  graphs  for  viewing  purposes.  Figures  45-47 
have  the  sample  solution,  blank,  and  4el0  oligo  eopies/pL  sample  results,  beeause 
the  entire  data  set  was  eolleeted  at  the  same  time.  Figure  45  shows  RRL  dilutions 
from  1 0-20mM  and  their  eounter  parts  with  the  telomerase  protein  extraet.  This 
graph  represents  the  samples  with  the  greatest  signal  to  noise  ratios.  The  signal  to 
noise  ratio  is  the  degree  of  separation  between  the  sample  eontaining  the  RRL  and 
the  protein  extraet  and  the  sample  eontaining  only  the  RRL  eoneentration.  Figure 
46  shows  dilutions  from  25-45mM  RRL  and  their  eorresponding  samples  with 
telomerase  positive  protein  extraets.  Figure  47  shows  dilutions  from  45-60mM 
RRL  and  their  eorresponding  samples  with  telomerase  positive  protein  extraets. 
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The  data  shows  that  there  is  a  range  of  RRL  eoneentrations  that  allows  for 
optimal  signal  to  noise  ratio.  Increasing  or  decreasing  of  the  RRL  concentration 
relative  to  the  optimal  range  (15-25mM)  decreases  the  signal  to  noise  ratio.  This 
data  was  used  to  optimize  the  assay  when  the  pH  of  the  assay  was  changed  to  pH 

8.3. 
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Molecular  Beacon  Assay  Testing  10-20  mM  RRL 
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blank  sample  showed  the  thermodynamic  characteristics  of  the  molecular  beacon  throw  the 
temperature  range  when  no  target  is  present.  The  experimental  samples  of  RRL  and  the 
corresponding  RRL  plus  the  telomerase  positive  protein  extract  showed  the  specific  signal  to  noise 
ratio  for  that  RRL  concentration. 


Molecular  Beacon  Assay  Testing  25  -  40  mM  RRL 
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blank  sample  showed  the  thermodynamic  characteristics  of  the  molecular  beacon  throw  the 
temperature  range  when  no  target  is  present.  The  experimental  samples  of  RRL  and  the 
corresponding  RRL  plus  the  telomerase  positive  protein  extract  showed  the  specific  signal  to  noise 
ratio  for  that  RRL  concentration. 


Molecular  Beacon  Assay  Testing  45  -  60  mM  RRL 
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The  solution  sample  showed  the  baseline  reading  for  FAM  when  utilizing  the  ABI  Prism  7000.  The 
blank  sample  showed  the  thermodynamic  characteristics  of  the  molecular  beacon  throw  the 
temperature  range  when  no  target  is  present.  The  experimental  samples  of  RRL  and  the 
corresponding  RRL  plus  the  telomerase  positive  protein  extract  showed  the  specific  signal  to  noise 
ratio  for  that  RRL  concentration. 


Appendix  D 

The  initial  assay  experiments  utilizing  telomerase  positive  and  negative 
protein  extraets  showed  no  deteetable  increase  in  fluorescence.  The  assay 
components  were:  200nM  MB,  50mM  KCl,  20mM  Tris-HCl  pH  7.6,  and  lOmM 
MgC12,  125nM  ROX,  and  water.  The  data  represented  in  the  graph  contain  three 
controls  and  two  experimental  samples.  The  solution  sample  shows  the  back 
ground  of  the  system  because  the  sample  contains  no  FAM  fluorophore.  The 
blank  sample  contains  all  components  of  the  assay  but  water  was  added  instead  of 
an  experimental  sample.  The  data  obtained  from  the  blank  sample  shows  the 
MB’s  thermodynamic  characteristics  (through  the  tested  temperature  range)  when 
there  is  no  target  in  solution.  The  last  control  was  the  DNA  control.  This  sample 
had  2el2  target  oligos  added  to  the  assay  components  (4el0  oligos/pL).  The  data 
obtained  from  this  sample  showed  that  the  MB  was  functioning  as  expected 
throughout  the  temperature  range  tested.  The  two  experimental  samples  were 
telomerase  positive  (144)  and  telomerase  negative  (100)  protein  extracts  (Figure 
48). 

There  were  several  possibilities  that  could  explain  this  data.  The  first  is  that 
telomerase  was  not  binding  to  the  molecular  beacon;  therefore  no  fluorescence 
would  be  detected.  The  second  was  that  a  small  number  of  telomerase  molecules 
were  binding  and  changing  the  conformation  of  the  MB  but  the  fluorescence  was 
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beneath  the  minimal  detection  limits  of  the  detection  system.  The  third 
explanation  was  that  telomerase  was  binding  the  MB  but  the  binding  event  did 
not  have  enough  energy  to  break  the  stem  structure  of  the  MB  allowing  for 
fluorescence. 
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Molecular  Beacon  Assay  Initial  Experiment 
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when  no  target  is  present.  The  solution  sample  shows  the  baseline  fluoreseent  deteetion  for  FAM.  The  4el0 
oligos/pL  shows  that  the  MB  is  properly  funetioning.  Sample  144  whieh  is  telomerase  positive  shows  no 
fluorescent  increase  and  the  same  is  true  for  sample  100  which  is  telomerase  negeative. 
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The  proeess  of  assay  development  is  an  intricate  method  of  optimizing 
individual  components  of  an  assay  to  produce  the  best  reproducible  results.  The 
simplest  method  of  development  would  be  to  utilize  an  assay  buffer  that  functions 
to  produce  some  of  the  same  results.  The  TRAPeze  buffer  is  utilized  to  optimize 
telomerase  binding  to  a  G-rich  oligo  in  solution,  telomerase  elongation  of  that 
oligo,  and  PCR  amplification  of  that  oligo.  The  function  of  the  TRAPeze  buffer 
that  was  significant  to  my  assay  development  was  telomerase  binding.  The 
TRAPeze  buffer  was  utilized  for  the  MB  assay.  The  components  of  the  TRAPeze 
buffer  are:  20mM  Tris-HCl,  pH  8.3,  1.5mM  MgCli,  63mM  KCl,  0.05%  Tween 
20,  and  ImM  EGTA.  The  buffer  was  added  to  water  and  the  samples  were  added 
to  a  final  volume  of  50pL. 

The  initial  experiment  utilizing  the  TRAPeze  contained  four  control  samples 
and  four  experimental  samples.  The  controls  samples  were:  solution,  blank,  4el0 
oligo/pL,  and  RRL.  The  experimental  samples  were:  144  (telomerase  positive), 
144  +  RRL,  100  (telomerase  negative),  and  100  +  RRL.  The  results  from  this 
experiment  are  contained  in  figure  49.  The  results  show  no  increase  in 
fluorescence  of  any  of  the  experimental  samples.  The  RRL  control  should  have 
showed  an  increase  in  fluorescence,  but  it  did  not.  The  analysis  of  these  results 
shows  that  a  component  of  the  assay  was  inhibiting  protein  binding. 


130 


There  were  two  eomponents  of  the  TRAPeze  buffer  that  have  not  been  used  in 
previous  experiments.  These  eomponents  are  Tween  20  and  EGTA.  Experiments 
were  performed  to  determine  whieh  element  was  inhibiting  the  protein  binding. 
EGTA  was  found  to  be  the  protein  binding  inhibitor  (Figure  50).  The  data  shows 
elevated  fluorescenee  of  all  the  samples  eontaining  RRE  and  the  DNA  eontrol. 
The  protein  extraets  alone  show  no  increase  in  fluorescence  while  the  protein 
extracts  in  the  presences  of  RRE  showed  varied  fluorescence.  The  telomerase 
positive  extract  (144+RRE)  with  RRE  shows  a  significant  increase  in 
fluorescence  compared  to  the  telomerase  negative  (100+RRE)  with  RRE.  The 
RRE  sample  has  a  relative  fluorescence  which  is  equal  to  or  greater  then  that  of 
the  telomerase  positive  extract  with  RRE.  The  high  back  ground  created  by  the 
large  concentration  of  RRE  did  not  allow  for  a  definitive  analysis  of  the  results. 
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Molecular  Beacon  Assay  Utilizing  TRAPeze  Buffer 
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inhibiting  the  protein  from  binding  to  the  MB. 


Molecular  Beacon  Assay  Utilizing  Adjusted  TRAPeze  Buffer 
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MB’s  thermodynamic  characteristics  when  not  in  the  presences  of  a  target  (through  the  tested  temperature 
range).  The  4el0  oligos/pL  shows  that  the  MB  is  functioning  properly.  The  RRL  sample  shows  a  large 
increase  in  fluorescence.  The  telomerase  positive  protein  extract  with  RRL  shows  a  much  greater 
fluorescent  increase  than  the  telomerase  negative  protein  extract  with  RRL.  Both  of  the  protein  extract 
sample  that  do  not  have  any  RRL  added  to  them  show  no  increase  in  fluorescence. 


